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ABSTRACT 


The author has undertaken a detailed review of the history 
and definition of the genus Cytophaga, and has examined the relation- 
ships of the cytophagas with the Flavobaeterta and the Flexibacters, 
This is followed by an examination of several different aspects of 
this group, including a review of a taxonomic analysis of a large 
group of spreading and non-spreading cytophagas, some of which resem- 
bled C.johnsonae. Improved media and techniques are recommended for 
the isolation and enumeration of cytophagas and for encouraging the 
spreading growth habit. Ina study of cytophagas from the N. tes (8 
it was found that this group is widely distributed in arctic lakes, 
that most were mesophilic, and that Flexing and silkiness were better 
diagnostic criteria than spreading, 

Growth studies on C.johnsonae 405 have indicated a genera- 
tion time of about one hour, an optimum pH of 8.9, and that the 
longest cells occur during the first half of the logarithmic phase. 
The literature on the ultrastructure of this group has been reviewed 
in detail. Electron microscopic work with C.johnsonae 405 has con- 
firmed the existence of the separable outer membrane ana slime 
layers in this species, and interesting 'vesicles' containing up to 
Five pairs of cells have been discovered, 

New approaches have been made to the precise description 


of two morphological characters, colour and spreading. The author 
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has introduced the Munsell system of colour notation which is widely 
applicable in bacteriology. A growth code has been developed to 
describe the various spreading growth forms produced by cytophagas, 
and the definition of and conditions leading to spreading have been 
investigated, 

The degradation of polysaccharides and proteins by the 
cytophagas and their allies, and their lytic and antibiotic properties 
have been reviewed, An extensive series of morphological and meta- 
bolic tests on 84 cultures has resulted in the creation of one new 
high GC% myxobacter genus, Byeobacter, and six new species (L.antt- 
biotteus, L.enazymogenes, L, gummosus, Flextbacter canadensis, 
Cytophaga brunescens and C.compacta). The genus Cytophaga is 
redefined and considered better placed in the Flexibacterales, and 
C. johnsonae is redefined as a denitrifier, The definition of Flext- 
baeter is also amended, and several former Flextbacter and Flavo- 


bactertun species have been reassigned. 
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INTRODUCTION 


Vegetative cells of the Order Myxobacterales can be 
distinguished from those of rod-shaped eubacteria by their character- 
istic gliding, non-flagellar movement, by their remarkable flexibility, 
by their low refractility, by their copious production of a tenacious 
slime, and by the capacity of many to aggregate and to form fruiting 
bodies. 

For several decades following Thaxter's reports at the turn 
of the century, the Myxobacterales were conceived solely as microbes 
with a complex developmental cycle involving a unicellular vegetative 
phase and a communal fruiting phase that is formed by a process of 
aggregation of cells and their conversion to microcysts. This pro- 
cess, already known in the Myxomycetes, had not been described 
previously among the bacteria. Subsequently, the polysaccharide- 
decomposing soil cytophagas were interpreted as nonfruiting ''imper- 
fect myxobacteria,'' which exist entirely in the vegetative state 
and never form microcysts. The genus Sporocytophaga was considered 
to be a group transitional between the cytophagas and the fruiting 
myxobacteria on the basis that Sporocytophaga produces spherical 
cells which are similar in appearance and possibly in mode of forma- 
tion to the microcysts of the fruiting Myxococeus and Chondrococcus. 
eevee the Sporocytophaga microcysts lie scattered at random among 
the vegetative cells, instead of being grouped into organized 


structures like the fruiting bodies of the higher myxobacters. 
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More recently, support has been placed behind Soriano's 
suggestion of removing Cytophaga and possibly Sporocytophaga to an 
Order Flexibacteriales which would also include other flexing and 
gliding organisms such as Flextbacter and Beggiatoa. I|n addition, 
the systematic relationship between the cytophagas and the fruiting 
Myxobacteria has been challenged by the discovery that the DNA base 
composition of Cytophaga and Sporocytophaga is in the range of 32 
to 40 per cent G + C, in contrast to the 66 to 70 per cent G+C 
found in the fruiters, 

Much of the current confusion as to the taxonomical posi- 
tion of the genus Cytophaga is due to the paucity of data included 
in the early descriptions of species, together with the scarcity of 
extant type cultures with which to do further work, or with which 
new isolates may be compared. In this thesis attempts have been made 
to formulate media for the isolation, enumeration and routine culture 
of freshwater and terrestrial Cytophaga and allied species, and to 
describe and further define some special features of this group, for 
example their spreading habit on solid media, their colour, and the 
silkiness produced in liquid media. A considerable part of the 
thesis is devoted to a detailed taxonomic study of several Cytophaga 
and Flavobacteriwn type cultures of non-marine origin together with 
a selection of more recent unidentified soil and freshwater isolates 


which may be cytophagas. 


Note: The system adopted in this thesis is that only generic and 
specific names have been italicized. 
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CHAPTER | 
AN HISTORICAL APPROACH TO THE CYTOPHAGAS 
1.1 The Opsimorphs (Myxomycetes, Acrasiales and Myxobacteria) 


The cytophagas are at present classified (375) as primitive 
members of the Order Myxobacterales (the slime bacteria), the higher 
members of which show a strong superficial resemblance to those 
organisms known as slime moulds, the Myxomycetes and the Acrasieae, 
The Myxomycetes or slime moulds, which are not really very slimy, 
the Acrasieae or cellular slime moulds, which are not moulds, and 
the Myxobacteria or slime bacteria, whose identity as bacteria has 
been questioned (74), have at different times during the past 300 
years been considered as Gasteromycetes, Hyphomycetes, Protozoa 
Cyanophytes, insect eggs (396), Eubacteria, Myxobacteria, Actino- 
mycetes (53), Spirochaetes (54) and even as symbioses between moulds 
and Eubacteria (439). The three groups have in common a distinct 
separation of the vegetative from the morphogenetic phase. The 
gelatinous vegetative phase (myxomycetous plasmodium , acrasian 
pseudoplasmodium, and myxobacterial swarm or pseudoplasmodium) is 
of constantly changing shape and is the feeding and growing stage, 
whereas the culminating fruiting phase has a fixed and definite 
anatomy, often of delicate beauty. Since the increase in mass and 
development are sharply demarcated in time,Cohen (74) coined the 
termed "'opsimorphic,'! from the Greek 'late form', to describe these 


organisms. 
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1,2 The Myxobacteria 


Most of the errors in assigning myxobacteria to the fungi 
were made by cryptogamic botanists prior to the general understand- 
ing of bacteria. Thus, Link (248) who first described a myxobacte- 
rium considered Polyangiwn with its brilliantly coloured fruiting 
bodies as a Gasteromycete, and Berkeley and Curtis (32) described 
Chondromyces . as a Hyphomycete. Schroeter (343) was probably the 
first to recognize the bacterial nature of these organisms (190). 
However, the first extensive study was that of Thaxter in his 
classic papers (393, 394, 395, 396) containing detailed descriptions 
and beautiful drawings of the fruiting myxobacteria, which he 
included in the Schizomycetes, thus laying the foundation for the 


current classification as Order VIII of the bacteria. 
1.3 The Lower Myxobacteria (Cytophaga and Sporocytophaga)* 


Later on, organisms were discovered which resembled the 
fruiting myxobacteria in their vegetative state, but which could 
not be found to fruit, and there was some confusion amongst the 
early workers as to their correct systematic position. Merker, 
in 1911 (274), described an organism which he called Mterococcus 
eytophagus which was probably a variety of Sporocytophaga myxococcoides. 


This work has been little recognized and Hutchinson and Clayton are 


“Table 1 should be consulted throughout this section. 
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Table | 
The History and Current Status of Cytophaga Species 


a WT a a 


Original Description and Author 


TTS 


Mterococcus cytophagus Merker 191] 


Sptrochaeta eytophaga Hutchinson and Clayton 1919 


Cytophaga hutehtnsonit Winogradsky 1929 
(incorrectly assumed synonymous with Sptrochaeta eytophaga) 


Cy tophaga 
Cytophaga 
Cytophaga 
Cytophaga 
Cyczophaga 
Cytophaga 
Cytophaga 


Cytophaga 


Cytophaga 


auranttaea Winogradsky 1929 
lutea Winogradsky 1929 

rubra Winogradsky 1929 
tenuisstma Winogradsky 1929 
1934 


erocea Stapp and Bortels 1934 


anularts Stapp and Bortels 


flavteula Stapp and Bortels 1934 
globulosa Stapp and Bortels 1934 


sylvestris Stapp and Bortels 1934 


Cytophaga winogradskii Verona 1934 

Cytophaga ellipsospora Imsenecki and Solntseva 1936 
Cytophaga hutehinsontt imsenecki and Solntseva 1936 
Myxocoecus hutchtnsonit tmsenecki 1940 


Cytophaga krzemtentewskit (sic) Stanier 1940 


Cy tophaga di ffluens Stanier 1940 


i NN eR a ee | 


Subsequent description, 
if any Ral ite! Current Status 


ee 


Sporocytophaga myxocoecotdes Stanier 


(i) Myeococeus cytophagus 


Bokor 1930 Mycocoeeus eytophagus not accepted 
(ii) Cytophaga myxo- Sporocytophaga myxocoecotdes Stanier 
coecotdes 


Krzemieniewska 1933 


Restricted to amicro- as original description, type species 
cystogenous forms 
(Krzemieniewska 1933) 


as original description 

prob. var. of C.,hutchinsontt Winogradsky 
as original description 

as original description 

synonymous with C.hutehtnsonit Winogradsky 
synonymous with C.hutchinsonit Winogradsky 
synonymous with C.hutchineontt Winogradsky 


Sporocytophaga globulosa Sporocytophaga globulosa Stanier 
Stanier 1940 


synonymous with C.hutchinsonit Winogradsky 
as original aescription 


Sporocytophaga Sporocytophaga elltpsospora Stanier 
ellipsospora Stanier 1942 


Sporoey tophaga Sporocytophaga myxocoecotdes Stanier 
myxococcotdes Stanier 1940 


Sporocytophaga myxoecoccotides Stanier 


corrected to as original description 
krzemteniewskae 

(Stanier 1941) 

see Lewin's emendation as original description 


1969 
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Table 1 - continued 
The History and Current Status of Cytophaga Species 
ee oo SSS 


Original Description and Author 
Cytophaga albogtlva Fuller and Norman 1943 
Cytophaga deprimata Fuller and Norman 1943 
Sporceytophaga eongregata Fuller and Norman 1943 


Baettlus colwnnarts Davis 1922 


Promyxobacteriun flavum |Imsenecki and Solntseva 1945 
Promyxobactertum laneceolatum Imsenecki and Solntseva 1945 
Cytophaga sensttiva Humm 1946 


Cytophaga johnsonae Stanier 1947 
C.jonnsonae var. denttrifitcans Stanier 1947 


Promysobacterium johnsonit (sic) Krasil'nikov 1949 
P.johnsonti (sic) var. denttrificans Krasil'nikov 1949 
Promyxobacteriun krzemtentewskae var. defluens (sic) Krasil'nikov 1949 
Promyxobaeteriun sensitivum Krasil'nikov 1949 

Sporocytophaga ochracea Ueda, Ishikawa, Itami and Asai 1952 
Cytophaga haloflava Kadota 1953 

C.haloftava var. non-reductans Kadota 1954 

Cytophaga rosea Kadota 1954 

Cytophaga fermentans Bachmann 1955 

C.fermentans var. agarovorans Veldkamp 1961 

Cytophaga saimontcotlor Veldkamp 1961 

C.salmonicolor var, agarovorans Veldkamp 1961 


Cytophaga suceinicans Anderson and Ordal 196] 
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Subsequent description, 
if an 


(i) Chondrocoeceus 
columnaris Ordal and 
Rucker 1944 


(ii) Cytophaga columnaris 
Garnjobst 1945 


Often mis-spelled 
johnsontt 


Often mis-spelled 
johnsonit 


SS SSS 


Current Status 


as original description 


as original description 


as original description 


poss. syn. Cytophaga columarts Garnjobst 1945 


Cytophaga colwmarts Garnjobst 


? Cytophaga flava 
? Cytophaga lanceolata 


as original description 


as original description 


as original] description 


Cytophaga johnsonae Stanier 


C.johnsonae var. denitrtfieans Stanier 


? Cytophaga krzemientewskae 


Cytophaga sensttiva Humm 
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as 


as 


as 


as 


as 
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original 
original 
original 
original 
original 
original 
original 
original 


original 


description 
description 
description 
description 
description 
description 
description 
description 


description 
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Table 1} - continued 


The History and Current Status of Cytophaga Species 


Original Description and Author’ 


Bacterium anitratum Schaub and Hauber 1948 


Moraxella lwofft Audureau 1940 


Sphaerocytophaga filiformts Graf 1961 
Sphaerocytophaga fustformts Graf 1961 
Sporocytophaga caultformis Graf 1962 
Sphaeromyxa wanthochlora Bauer 1962 
Cytophaga marinoflava Colwell et al 1966 


Cytophaga psychrophila Borg 1948 (not validly published) 


Cytophaga diffluens Stanier emend. Lewin 1969 
C,diffluens Stanier emend. Lewin var. aprica 1969 
C.diffluens Stanier emend. Lewin var. carnea 1969 
Cytophaga latercula Lewin 1969 

Cytophaga lytica Lewin 1969 


Subsequent description, ; Guatbeioes Saige 
if any 


Cytophaga anttrata Latest proposal: Lingelshetmta 

Lautrop 1961 

Also in genera anitrata Seeliger, Schubert and Schlieber 1966 
Achromobacter, 


Acinetobacter, Diplococeus, 
Herellea, Mtma and 
Moraxella 


Cytophaga lwofft Moraxella Audureau 
Lautrop 196] 


Cytophaga sp. 

Cytophaga sp. 
Sporocytophaga sp. 
Cytophaga sp. 

as original description 


Cytophaga psychrophila Cytophaga psyehrophtla Pacha 
Pacha 1968 


emendation is a suggestion only 
as original description 
as original description 
as original description 


as original description 


o\ 


Fe AT LD 


*a4al briod 


‘aa F jas visual 5 is eet 


a , ‘inaiigetaben pont, \oth 


i 
iy fe a i 5 
» 4 P) 
“ Br 7 . : 
- it 
1 
- ° z * rf, a « * 
“s id , » 
mm 2 * 4 ? 4 . q 
' “ 
a ’ - i A 2 
5 J $ ~ ~ Pu fi 
‘ ‘ % : a f 
< ” = 
¢ per oe 
dul ae 
Py 


Septet » +: connie 


és Meulaty ety ernie’ "vai 
2 aat = ao ie 


wus tse A gent ae 
mieiadatenitls ‘inborn semted ” a 


brat edocs yagtiee2 peta } 


“—- | 


senna ‘teak sedgptiotih: 


ie ea see 
wa! cil ‘pala lasenbe Leviei2e Brey a 
: oriotagayacet Spalgina jae iy 


ee 

» 

3 
Me 


. 


“i 


generally acknowledged to have described the first cytophaga. In 
1919, Hutchinson and Clayton isolated from soil an aerobic cellulose 
decomposer characterized by its peculiar morphology and by the fact 
that it could use only cellulose as an energy source (174). Two 
morphological types always occurred; a long, thin, flexible, pointed 
roa and a large coccus which they termed the ''sporoid.'' The rod 

form predominated in young cultures, while in older ones it was 
replaced by the coccus, The two could not be separated and transi- 
tional forms occurred, therefore Hutchinson and Clayton concluded 
that they were stages in the developmental cycle of a single species. 
The organism was assigned to the genus Sptrochaeta of the Order 
Spirochaetales because of its flexibility and because the authors 
considered that its peculiar developmental cycle excluded it from 

the true bacteria, but they noted that it exhibited a number of 
features atypical of this genus, The specific epithet cytophaga 
(Greek = cell destroyer) was given to this organism. Winogradsky 
(436) worked with several, albeit impure, isolates physiologically 
similar to Sptrochaeta eytophaga, some of which did not form sporoids. 
He placed the whole group in the Order Actinomycetales (53) giving 
them the generic name Cytophaga, rightly concluding that the morphol~ 
ology did not justify their inclusion in the genus Sprrochaeta 

(370). On the basis of pigmentation and cell size five species 

were differentiated; C,hutchinsonit the type species identical with 
Sptrochaeta cytophaga, C.aurantiaca, C.lutea, C.rubra and C,tenuissima, 
Bokor (36) claimed to have isolated a pure culture of Sptrochaeta 


eytophaga on which he made morphological studies. As a result of 
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12 
these, he considered its cycle of development to be similar to that 
of the Actinomycetes, with which he placed it as the new species 
Myecoecoecus cytophaga, |t seems from his illustrations however that 
he was dealing with a mixed culture of an Actinomyces and Sptrochaeta 
eytophaga (now C.hutchinsonit) (370) or possibly C.aurantiaca (42). 

A critical examination of previous work on the cytophagas 
was carried out by H. Krzemieniewska (230, 231) who was able to grow 
the organisms on cellophane, thereby facilitating microscopic 
observations in situ. She showed that although they were very similar 
in vegetative morphology and pigmentation, Hutchinson and Clayton's 
Sptrochaeta eytophaga and Winogradsky's Cytophaga hutechtnsonit were 
not identical, as the coccus stage occurred only in S.cytophaga. 
Mme. Krzemieniewska was ‘the first to recognize that the transition 
of rod to coccus and its subsequent germination to form the rod 
again showed a remarkable similarity to the development of the 
myxobacteria of the genus Myxococcus. She drew attention to this 
fact (23) but was hesitant to transfer all of these organisms to the 
Order Myxobacterales because a developmental cycle was only known 
in S.cytophaga, and not in the other five Cytophaga species. 
Krzemieniewska called the sporoids ''microcysts'! thus emphasizing 
their difference from the endospores of the Eubacteriales, 
Sptrochaeta cytophaga she renamed Cytophaga myxococcotdes (231). 

riinehusbriedMdecriiete es of the genus,C.anularts, C.crocea, 
C.flavicula, C.globulosa and C.sylvestris, were described by Stapp 


and Bortels in 1934 (378). These differed in pigmentation and 
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13 
temperature optima from the previously known species, and one of 
them, C.globulosa had a developmental cycle similar to that of 
C.myxococeotdes. Stanier (370) considered that possibly some of 
these forms were identical with previously described species. An 
important contribution made by Stapp and Bortels was the discovery 
of motility in cytophagas, confirming Hutchinson and Clayton's 
initial observations of rotatory and flexing movements in hanging 
drops. Winogradsky had been unable to confirm this or to demonstrate 
flagella, but Stapp and Bortels observed flexing movements and slow 
creeping movement in the direction of the long bye of the cell quite 
different from the flagellar motility of the Eubacteriales. Soon 
after the publication of Stapp and Bortels' work Verona. (412) pro- 
posed another species Ciwtnogradskit which was different in pigmenta- 
tion and cell dimensions from those already described. Verona's 
description is not sufficient, however, to warrant comparison with 
currently recognised species. In Russia Imsenecki and Solntseva 
(180) reported finding C.hutchtnsontt, but it was later established 
that this was not the same organism as C.hutchinsonit Winogradsky, 
and Imsenecki and Solntseva's organism is now recognised as Sporo- 
eytophaga myxococcoides. A later work by Imsenecki (178) described 
Myxocoecus hutchinsonit which is also now thought to be synonymous 
with Sporocytophaga myxococcotdes (373). 

Thus up until 1940 the genus contained only the ''classical” 
cellulose-decomposing soil cytophagas, which have a high degree of 


nutritional specialization (370, 422), Although it has since been 
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14 
discovered that some simpler carbohydrates can be metabolized in 
addition to cellulose (110, 372, 373), they remain a sharply de- 
limited group from the nutritional standpoint. A considerable number 
of non-fruiting myxobacteria with much broader nutritional require- 
ments are now know. The first to be described were the marine, 
agar-digesting cytophagas which can use peptides and a wide range 
of carbohydrates as energy sources, are not inhibited by heat- 
sterilized sugars, and require growth factors for their development 
(370). Two obligately halophilic species were initially differen- 
tiated by Stanier, C.krzemtentewskti (the spelling of which was 
later (371) corrected to C.krzemientewskae) , a pale pink form which 
also produces a diffusible dark brown pigment, and C.diffluens which 
is salmon-coloured and*has smaller cells (370, 371). Both species 
always occur in a variety of forms; straight, arcuate, U-shaped, 
S-shaped and even sometimes looped around into a full circle. The 
ends of these flexible cells may be slightly pointed especially in 
C.dtffluens, and star-shaped aggregates are often formed in liquid 
media. Stanier concluded (370) from his studies on the motility 
and morphology of various cytophagas and myxococci, that the Order 
Myxobacterales should be characterized on the basis of the structure 
of the vegetative cell and its manner of locomotion, which he con- 
sidered sufficiently distinctive to exclude forms belonging to any 
other Order of bacteria, rather than on the production of fruiting 
bodies and cysts. The cytophagas would then be included, as 


Krzemieniewsk a had tentatively suggested a decade before (230), 
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as the simplest representatives of the Order, in a new Family 
Cytophagaceae. Essentially the same ideas cn the systematic position 
of the cytophagas were expressed by Imsenecki and Solntseva (180, 
181). Stanier then proposed that the microcyst-forming cytophagas 
could be most conveniently placed in the family Myxococcaceae under 
a new genus Sporocytophaga. The type species proposed was Sporo- 
eytophaga myxococecotdes which was synonymous with Sptrochaeta cyto- 
phaga Hutchinson. and Clayton and Cytophaga myxococcotides 
Krzemieniewska, but not synonymous with Cytophaga hutehtnsontt 
Winogradsky. Although not actually stated by Stanier, his work 
infers that C.globulosa Stapp and Bortels of which he was aware, 
now be renamed Sporoeytophaga globutlosa. 

Our knowledge of the physiological abilities of the lower 
myxobacteria was broadened by Fulier and Norman (119, 120) who 
isolated from soil three new flexing organisms which could grow on a 
wide variety of carbohydrates in the laboratory, including starch 
and pectin but not cellulose. These were Cytophaga albogilva a pale 
yellow form, C.deprimata a yellow-pigmented type with larger cells 
and the capacity to etch agar, and Sporocytophaga congregata which 
was also yellow. 

In 1945 Imsenecki and Solntseva proposed that a new Family 
Promyxobacteriaceae be set up for the simpler members of the Myxo-~ 
bacterales (182). This Family was to include the previously described 
spindle-shaped species of the genera Cytophaga and Sporocytophaga, 


together with a new genus Promyxobacteriwn which was erected to 
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16 
encompass the species which had cells with rounded ends. It had 
been observed by several authors (182, 373) that when grown on 
certain nutritionally richer media the colonies and round~ended 
(cylindrical) cells of some cytophagas were indistinguishable from 
eubacteria, notably of the genera Flavobacteriun, Bactertum and 
Achromobacter (29). !msenecki and Solntseva considered that their 
new genus Promyxobacterium would provide a much needed bridge to the 
Eubacteriales (373). These authors described two soil species, 

P, flavum a yellow cylindrical form, and P.lanceolatus a greyish 
cream form having thicker-cells which are described, however, as 
having ''slightly tapered ends.'' This would seem to make nonsense 

of their new genus! At least two more species P.johnsonit (sic) and 
P.krgemieniewskae var. Gefluens have since been described (279). 

The former is now considered to be identical with C.johnsonae Stanier 
(375), and P.krzemientewskae var. defluens may correspond with 
C.krzemtentewskae Stanier. Although still in use in the U.S.S.R. 
(420), the genus Promyxobacterium is now in demise in the western 
world (375) because several workers have remarked upon the fact that 
living cells of soil and marine cytophagas alike are only very slightly 
spindle-shaped and have rounded ends.for the most part (246, 374). 
Fixed and stained preparations) however, often show spindle-shaped 
artefacts (174, 373, 436). No suggestions have been made to date 
that Promyxobactertun flavum or P.lanceolatum are synonymous with 
any described Cytophaga species, and hence they may become C, flava 


and C,lanceolata respectively. 
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Mention should be made at this point of the organism caus- 
ing an important dermal disease of numerous freshwater fishes (7, 
91, 111, 192, 280, 281, 297, 298, 333, 407, 421) currently recognized 
asa eT myxobacterium of the genus Chondrococcus in Bergey's 
Manual (375). The causal agent of "'columnaris disease!’ is a rod= 
shaped bacterium capable of columnar (almost trichomatous), afla- 
gellar, progressive movement on surfaces, and was described by 
Davis (90) as Bacillus colummaris. A subsequent, more detailed 
characterization (121) assigned this organism to the genus Cytophaga, 
and hence it became the first member of this group known to be an 
animal parasite. However, Garnjobst was evidently unaware of 
the concurrent work of Ordal and Rucker (293) who claimed discovery 
of fruiting body formation in strains which appeared similar to those 
studied by Garnjobst, and hence reclassified the organism as 
Chandrocoeeus columnaris (Davis) Ordal and Rucker, by which name it 
is recognized in Bergey's Manual (375). More recently, doubts have 
been expressed about this taxonomic position. Johnson and Ordal 
(194, 195) report that DNA homology is lacking between Chondrocoecus 
colwnnaris and fruiting myxobacteria and between it and the cyto- 
phagas. Examination of an authentic culture (275) has failed to 
demonstrate fruiting bodies comparable with those of Chondrocoecus 
coralloides or other higher myxobacteria, and GC ratios of 29.8 to 
35.9 (Tables 2 and 3) are within the range for Cytophaga and quite 
different from all reported for authentic strains of fruiting myxo- 


bacteria (275). There have also been reports (118, 333), that cultures 


of Chondrocoeeus colwmnaris lose their ability to fruit after 
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Therefore there is reasonable evidence that 


Chondrocoeeus columarts should be classified with the lower myxo- 


bacteria. 


If it is to be transferred to Cytophaga a nomenclatural 


problem arises since it is not absolutely certain that this is the 


same organism that was described as Cytophaga columnaris by 


Garnjobst (121). 
Cytophaga colwnnaris, 


opinion, 


The latest text by Stanier et al. (376) prefers 


and Jeffers and Holt (188) are of the same 


Table 2 


GC ratios of f Cytophage and Sporoeytophaga 


Species 


ELSA I SS SS SE EES 


Base ratios reported (%G+C) 


Cytophaga auranttaca 

C. dtffluens 

C.dtffluens var. aprtca 
C.diffluens var. carnea 
C.fermentans 

C. hutchtnsontt 

C. johnsonae 

C.johnsonae var. denitrificans 
C. latercula 

C, lytica 

C.martnof lava 


Cytophaga spp. 


Sporocytophaga myxococcotdes 


Sporocytophaga sp. 


42 (253) 

34.7, 7 strains 40.3-42.3 (254) 

3 strains 35.2-37.2 (254) 

37.2 (254) 

39° (253) 

39.4253) 

33 (253) 

35 (253) 

34.2 (254) 

5 strains 33.2-34.2 (254) 
7 (80) 


5 strains 33-42 (100), 31.7, 
5356, 34.251 275)5 Sel (272) 


36, 36 (253) 
4} (272) 
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Table 3 


GC ratios of fruiting myxobacteria 


Species Base ratios reported. (%G+C) 
Archangium gephyra b/edyoens A2i2) 
Archangium sp. 68 (100) 
Chondroeoeeus columnaris 29.8, 30.3, 35.9 (275) 
C.corallotides 676s 60,1 (272) 
Chondromyces apiculatus 695 (272), 70. (253) 
C.brunneus 68.7 (272) 
C.crocatus 69.6, 69.7 (272) 
C.medtus 68.5;.60./ (272) 
Myxococcus fulvus 6F.4 (272), 69, 7) 4253) 
M, virescens 67,6) (272). 68, 69, 695. 70° (253) 
M.xanthus OC Fisde 27 21ee68 on 7010 (253) 
Myxocoecus spp. 69, 69 (253) 
Polyangium fuscum G8 23, 6055 4272) 
Polyangtum 67 (100) 
Sorangium cellulosum 69, 69 (253) 
Sorangium sp. 67 (100) 


Investigations on marine agar-digesting bacteria (173) 
revealed the existence of a light orange flexing organism which 
produced no water soluble pigment, It was obligately halophilic, 
extremely fastidious in its nutritional requirements and proved 
extremely difficult to culture. Hence it was given the name Cyto- 
phaga sensitiva, although it is also known as Promyxobactertum 
sensttivun (57, 229). 

A few years before the existence of non-fruiting myxo- 


bacteria was generally recognized, Johnson (191) published a brief 
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account of certain myxobacteria which attack chitin. Some of these 
appear to have been typicai Myxocoect, but others failed to form 
fruiting bodies while possessing similar vegetative morphological 
characteristics, Miss Johnson's descriptions were not very complete, but 
Stanier (374) isolated and described similar organisms which he 
named in her honour Cytophaga johnsonae. This bright yellow species 
and its denitrifying variety, which was the first facultatively 
anaerobic Cytophaga described, were capable of using various sugars 
and more complex carbohydrates including starch, inulin and chitin, 
and therefore the nutritional range of the cytophagas was again 
extended, 

In 1952 a new species of Sporocytophaga, S.ochracea was 
reported by Ueda et a!» (403) but it has not yet been found outside 
Japan. Another two contributions from Japan introduced new marine 
cellulose-utilizing species C.haloflava (198), C.haloflava var. non- 
reductans and C.rosea (199). Both species were obligately halo- 
philic but neither could degrade agar, in contrast to the previously 
described marine species (C.diffluens, C.krzemieniewskae and 
C.sensitiva). C.haloflava was a yellow form causing deterioration 
of stored fishing nets, while the pink C.rosea was isolated from 
sea water, The first facultatively anaerobic marine cytophaga 
described was Cytophaga fermentans (14), a bright yellow obligately 
halophilic form which could ferment or oxidize simple sugars and 
starch, but not cellulose, agar or chitin. However, a variety which 


could decompose agar C.fermentans var. agarovorans was found, as 


. : ae oe _ 7 Thue 
q ) 7 1. 7 Ay Merete 
a i n i ene ae 


Aa oe 
- . . Se 4 iD > | 
(3"> =a “ine ssh oie eae. | 
MI, ialnad umbataniiaile vozadengt wiesyes Te" sane we 
: -“ air . ¢ 
Sie) 
bo) ba ettaiter Sukh. \ poeeoenet testis nese wet oF sana 


a 


svidevodey selkele gnizesseeg Jatt: eatand Sinaia a 


4 


jon stgw daoldatiet ot adentiihs eee vzozat ~wiaahers 


ae = a. 
core yatta bedticest Ses tiie bee o EE} ‘aginst 7 
Ps | / er; 
sid adit. eats er Ty. apres eg strc 1 rin igygte 


7 


yaoi ron! + gant ads gow Hot ae et igy pety apna ety vf 


ualgsy poteu Ve ohdbeqes wow ibedi sagas ‘ats eye pheorwer 


wy oh 


nthe gis ctivat (ieee bridal ani espe ah ao om - 
niga eng secutger ys 243 “abil, Tenors ity: site | a ors teMs § 
a2 ae ae a ad ite t 
: te Hi ‘i Lae WU ben, ms 
ns ie e °.> N 
a petetdes se oth elstsh ange » asi vege weit S8eh Pr 


- - a? 
‘ - 
i eaMe. Drow BoBC tsy SO ants h rt a _ eae NS aareaer 
m4 


; yr - 
PAY a TEN 9 RIED ol TAK ; (8 oe pected a ~e Siete - : 


’ 7 | SF 7 
-oferl) ciate ido. sy edldeas ‘iol? ee a heehee eal 


| has ae 
viewoiveng adi oF Jee anea at ede) 7: abs 


sisi vem wee beotto taal nisl Niet 9 aisha ye: “hailaonh nba 


hos Sonny Gert oan ise Ae rent 


‘4 7 


cn ta 


eet sooirvocaalias wail 5.2 : aN 3 sh i : 
a) 

ar on} bee sapoat <BWw Re obire. 2) tate ae 

8D artqosys ani be ube jadrseps ‘ettea to 


Shs ¥ 
yvisiseiidg wo Aaah a ety oe a sale nee 
i i 7 a i 
ris pings oe ot \ te Shain 


doliw! the 


21 
well as a new salmon-coloured, marine, facultative anaerobe 
C.salmonicolor with a similar agar-decomposing variety (408). The same 
year a facultatively anaerobic freshwater form was isolated (12), 
which was named C,sucetntecans because the predominant end product 
of its fermentation was succinic acid, 

A further complication of the generic history was perpe~ 
trated at this time by the transference on the basis of cellular 
morphology and gliding motility of Bacterium anitratum Schaub and 
Hauber (336) and Moraxella lwofft Audureau to the genus Cytophaga 
(239). However the validity of Cytophaga anitrata and Cytophaga 
lwofft was later questioned by the same author (240), because their 
form of motility was more closely allied with that of certain 
eubacteria, some of whith were flagellate and the proposal was 
therefore withdrawn (240). The species Moraxella lwoffi is con- 
served, and various suggestions have been made at different times 
to place B.anttratum in the genera Achromobacter, Actnetobacter, 
Diplocoeeus, Herellea, Mima and Moraxella, The latest proposal is 
the erection of a new genus Lingelsheimia with L.anitrata (Schaub 
and Hauber 1948) Seeliger, Schubert and Schlieber 1966 (344) as 
the type species. | : 

Graf and Bauer have described a series of so-called new 
genera and species of myxobacteria. These are Sphaerocytophaga 
filtformis and S.fustformts (133), Sporocytophaga cauliformis (134), 
and Sphaeromyxa xanthochlora (21). The genera Sphaerocytophaga and 
Sphaeromyxa are erected on the formation of ''sphaeroids,’'’ claimed 


to be part of the life cycle and to undergo germination. The 
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22 
niet eis indicate that these ''spheroids'' are clearly sphaero- 
plasts, and no evidence for germination is presented, Thus these 
organisms are obviously cytophagas which, like most myxobacteria, 
will form sphaeroplasts when old or under adverse conditions. 
Poindexter has examined Graf's cultures of "Sporoecytophaga" cault- 
formis, which are claimed to go through a life cycle involving a 
stalked form similar to Caulobacter. She has suggested that the 
"stalk'' was no more than the slender, tapered end of the cel] which 
persisted for some time after cell division (313). Dworkin's com- 
ment on this matter is apt: ''The creation of new genera and species 
on the basis of sphaeroplast formation and faulty morphological 
observations only confuses an already difficult taxonomic situation," 
(100). 

A marine bacterium which had previously been known as an 
"unidentified Flavobactertum'' NCMB 397 (369), and was the host strain 
for two interesting bacteriophages was subjected to taxonomic 
scrutiny by Colwell's group (80). The organism was facultatively 
halophilic and aflagellate, and although creeping or flexuous 
movements could not be demonstrated, the results of a computer 
analysis indicated that it was best placed with the genus Cytophaga. 
They recommended that it be named Cytophaga martnofiava, 

The etiological agent of bacterial cold-water disease of 
salmon was originally isolated by Borg (37) and identified as a non- 
fruiting myxobacterium with a low optimal growth temperature and 
no growth above 25°C, In contrast to the first fish pathogen 


suspected of being a Cytophaga (Chondrococcus colwnmarts Ordal and 
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Rucker 1944, but probably a Cytophaga), fruiting has never been 
observed and the name Cytopliaga psychrophila was proposed (37, 38). 
The description was somewhat incomplete and it was not included in 
Bergey's Manual (375). Recently this organism has been reinvestigated 
(38, 296), and a more detailed description is now available. Several 
tests have not revealed fruiting bodies, thus this is the second 
documented fish pathogen in the genus, It is not known how closely 
Cytophaga psyechrophila resembles Chondrocoeeus (Cytophaga) colwnnaris. 
An interesting comparative study by Lewin and Lounsbery (246) has 
indicated that a strain of C.psyehrophila isolated by Ordal, and 
one of C,auranttaca isolated by Dworkin seem to be identical, 
although Lewin and Lounsbery were unable to show cellulolysis by 
the latter species, 

Several new marine Cytophaga species have been proposed 
by Lewin (245) in a detailed and thoughtful evaluation of various 
types of gliding microbes, which unfortunately contains a few small 
errors in the historical presentation. The data on the isolates was 
subjected to two independent computer analyses, and Lewin has used 
Fager's recurrent group analysis (109) to help arrange the strains 
into sensible taxa, Colwell's Adansonian analysis (77) agrees weil 
with Lewin's arrangement of the Cytophaga species (245), One of 
the known marine types C.diffluens Stanier is an orange-pigmented 
organism which digests cellulose (filter paper), agar and alginate 
but not starch, Lewin was unable to observe degradation of cellulose 
(cigarette paper) by his cytophagas, but they all liquefied carboxy 


methyl cellulose (CMC). He has emended Sianier's description 
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(although the emendation is not formally presented), to include 
carboxy methyl cellulose liquefaction instead of cellulose degrada- 
tion, and starch degradation, Lewin then proposes two new colour 
varieties of C.diffiuens Stanier emend Lewin; viz. var. aprtca which 
tolerates lauryl] sulphate, and var, carnea which does not digest 
starch. New species include the red, short-celled C,latereula which 
digests CMC, agar and alginate but not starch, and the yellow 
C,lyttea which degrades all. four carbohydrates, It appears that 
Lewin originally wished to designate these organisms Agarophaga 
diffluens (for C.diffluens Stanier emend Lewin), A.aprica (for 
C.diffluens var. aprica), A.carnea (for C.diffluens var. carnea), 
Fleatbacter laterculun (for C.latereula)and A.lytica (for C.lyttea) 


but later decided on a more conservative approach (87). 
1.4 Definition of the Genus Cytophaga 


The genus Cytophaga Winogradsky was defined by Skerman 


(355) using the information in Bergey's Manual (42) as follows: 


"DIFFERENTIATING CHARACTERS: Unicellular, nonphoto- 
synthetic, flexible, rod-shaped organisms less than 

2u wide and 10u or less in length; arranged singly; 
motile by a gliding motion on solid surfaces; not flagel- 
lated; Gram negative; aerobic; heterotrophic; no micro- 
cysts or resting cells are formed, Not known to deposit 
iron, 

Type species: Cytophaga hutchinsontt Winogradsky. 

NOTES: Eleven species are listed, three of which are 


obligate halophiles. They are fusiform or round-ended 
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rods varying from 0.3 to 1.0 wide and, on the average, 2 
to 10u long. Two species extend to 20u. in old cultures 
degenerate coccoid forms, not microcysts, are formed, 

Nine of the eleven species have been cultured on various 
media, including filter paper silica gels, glucose-mineral 
salts media, starch agar, peptone agar, and sea water~peptone 
agar. 

In the more restrictive media, growth is in the form 
of a barely visible film, like etching on the surface. On 
richer media, raised, moist colonies may be produced, 
Colonies are usually pigmented yellow, orange, pink, olive 
green, or gray. 

Agar is hydrolysed by marine species particularly, 

Four species examined utilize, but do not produce acid 
from a wide range of carbohydrates, Heated carbohydrates 
are often toxic. 

Of six species tested, four use NAA and NO, Por ni tro= 
gen. All six use peptone and yeast extract. 

Cellulose is hydrolyzed by 7/8 species. Ability to 
hydrolyze precipitated cellulose in agar plates is depen- 
dant upon agar sufficiently soft to permit migration of 
the cells through the medium, 

Gelatin is liquefied by 4/5 species. 

Information on other biochemical tests is too 
fragmentary to record, 

Aerobic; optimal temperature 22-30°C. 

Found in rotting vegetable matter in soil and water, 


both fresh and marine,!! 


In addition, the characterization of the Order Myxobacterales (375) 
refers to the low refractility of the vegetative cells, "which 
multiply by binary transverse fission to produce a thin, flat, 


rapidly extending colony. Actively motile cells at the periphery 
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26 
of the colony commonly occur as groups of two or three to several 
hundred individuals in the form of tongue-like extensions or iso- 
lated islands whose presence is virtually diagnostic of the order. 
The moving cells may pave the substrate with a thin layer of slime 
on which they rest.'' Since that time two freshwater fish pathogens, 
a freshwater facultative anaerobe and eleven marine forms, including 
a facultative halophile and facultatively anaerobic species have 
been added, There have been no new soil forms described since 
C.johnsonae in 1947 (374). 

In a paper presented in 1968 and published in 1969 (275) 
Mitchell, Hendrie and Shewan have attempted a redefinition of this 
genus, taking into account results by techniques such as DNA base 
ratios and problems posed by the morphologically atypical strains. 
Their definition, presented below recognizes the occurrence of 
facultatively anaerobic species, and describes the cel] boundary as 
having a slime layer on the outside and often lacking a rigid cell 
wall, They note the autolysis of older cells and add three bio- 
chemical characteristics (oxidase +, phosphatase + and ribonuclease 
+). They state that they are non-lytic to viable cells and that 
most strains are resistant to polymyxin B, (although no data exists 
in the literature for these two statements, as far as the author 


is aware). The DNA base ratio range is also given. 


Mitchell, Hendrie and Shewan's definition 
"The genus Cytophaga comprises Gram negative rods, vary- 
ing from short and regular to long, curved and filamentous; 


slime layer present; nonflagellate but many lack a rigid cell 
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wall and show gliding motility on surfaces. No resting 
cells or fruiting bodies formed, The cells are pigmented 
in the mass from pale to deep yellow, orange or salmon 
pink to red, Growth on agar varies from flat and spread~ 
ing to discrete convex colonies depending on medium 
composition and species. Colonies change from semi- 
Opaque to transparent on aging, apparently associated 
with the lysis of the majority of the cells: oxidase, 
phosphatase and ribonuclease positive : many species 
characterized by abijity to attack polysaccharides : non- 
lytic to viable eubacterial cells. DNA base ratio in 


range 29-45% GC : most strains resistant to polymyxin B,"! 


Mitchel] et al. recognize that their revised definition will not fit 
easily into any existing hierarchical scheme of classification of 
the Myxobacterales. In addition it may be found that it is unneces- 
sarily wide, overlapping with proposed genera such as Flextbacter. 
The alternative would be to restrict the genus Cytophaga to organisms 
fitting the classical concept and erect new genera for other forms, 
Lewin (245) has also proposed a more precise delimitation 
of the genus Cytophaga and his interest in the relationship between 
all forms of gliding microbes is apparent. He separates cytophagas 
from other gliding forms, notably the Beggiatoales (colourless tri- 
chome-forming 'bacteria' resembly Cyanophytes), as non-photosynthetic 
types having carotenoid pigments, unbranched, unsheathed and not 
helical. He extends the maximum length from 20u (355) to 50u , and 


restricts the maximum width from 10u (355) to 0.7u. 
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Lewin's definition 


"(Additional characters, not strictly part of the defini- 


tion, are added in parentheses.) 


Non-photosynthetic (normally with yellow, orange or 


red carotenoid pigments); non-flagellate but capable of 


gliding (and, if sufficiently long, of flexing) on solid 


substrata; short or elongate rods or filaments (usually 


5 to 50yu long, 0.3 to 0.7 wide, with rounded or tapered 


ends); unbranched, unsheathed, not helical; not forming 


distinct fruiting bodies (though the cells may aggregate 


in pustular assemblages); not forming either endospores 


or microcysts (though inflated, more or less spherical 


cells are commonly formed in some cultures); Gram negative 


(generally with a lower refractility than most eubacteria); 


obligately or facultatively aerobic; obligately hetero- 


trophic; usually capable of digesting (or: depolymerizing) 


several insoluble or macromolecular colloidal polysaccha- 


rides such as cellulose (or carboxymethyl cellulose), 


chitin, agar, alginates, etc,”! 


Lewin also observes that the ability of certain strains of Cytophaga 


to dissolve and digest cellulose is known to be a labile feature, 


which tends to be 'lost! in the course of cultivation when the 


organism is regularly maintained on more readily assimilable organic 


nutrients, 


He suggests that probably the same is true for the faculty 


of certain strains to digest other polysaccharides such as agar. 
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Tables 4 and 5. Explanatory Notes 


GENERAL += positive, = = negative, + = both positive 
and negative reported, -? = probably negative, 


w = weak, s = slow, blank = no report, 


HABITAT F = freshwater, M = marine mud or sand, P = 
marine plant, S = soil, W = sea water, X = 


freshwater fish. 
GC RATIO Molar % guanine + cytosine in DNA 


ROUND OR POINTED ENDS R rounded, P = pointed 


COLOUR C = cream, G = olive green, 0 = orange, P = 
pink, R = red, S = salmon pink, W = white, 
Y = yellow 

WSP Water soluble pigment 

NaCl REQUIREMENT + 5 required for growth, + = grows extremely 
slowly without NaCl, - = not required 

AGAR + = softening or pitting, G = gelase fields, 
- = no action 

D.O.P. ALANINE Growth on (+ or -) and degradation of djhydro- 
xypheny! alanine : C = clearing, D = black or 
grey halo 

TYROSINE Growth (+ or -) and degradation of tyrosine 


(5 g/l) : C = clearing (dissolution of crystals), 


R = red or pink halo 


GROWTH FACTORS ik thiamine 


LITMUS MILK Growth (+ or -), C = clotting, R = reduction 
of dye, A = acidification, P = proteolysis 


(redigestion of curd). 


es 


: ee: a C ‘ 
ovis i soy Axed > + orl tegen = svi rteagie q - td 6 a 
ovi toga vidiedong Thee tania ou) sanan Tie 8 
sagan an Holey Wes = ities Ar ; 


#4 ,bnee vo tym ee a ‘lanetent ) o 
--% , rede Gee 6, Cpe jee janet, snl-aein ey 
ed Taree ie 


Mita ni “ai jabtya + Sn AOR ee 


ee ‘sino vn 


-* cpriive 9-4 chants vlc i ghia 
ait = Wat fomtag) #2 nips. A galettey 5) 
wot fay = % ° 


i atiuton yi 


yl seeds sweat = - ore niet berriupes =~ 
beNiupes Jos => fel tuomslw Seaicel 7, ie 


,zelet? sesiag = 9 oniaain ya paliytoe es, a" 


’ 


nolso8 pate - 
meron hae nosebsreah ors Cs i) 4) no hcl lian 8, 
10 dsttd <4 sentyaate * nes ont x il 


saiuiadh 40 ee bape he, ey 
_ etareyts, Fo not dvtoee{h) Gini weet § PDs. a 
bfed ata, 10 ban =k 


“i ee silnieidy = 7 
soliaiisa = Ff enibgttke Cane | Ae. 70 4) AiyeRe. 


#heytomaang =. 4 oduct bi ge = h gay Ye.” a 
ahha ne 


Tables 4 and 5. 


ANTIBIOTICS 


30 


Explanatory Notes - continued 


R = resistant, S = sensitive to the following 
discs: Actinomycin D 100 ug; Aureomycin 30 ug; 
Bacitracin 10 units; Chloromycetin 25 or 30 ug, 
numbers 5.0 - 6,7 = minimal inhib. conc'n, in 
ug/ml; Dihydrostreptomycin 10 ug; Erythromycin 
2 or 15 ug; Kanamycin 30 ug; Neomycin 30 ug; 
Novobiocin 30 ug; Penicillin 10 units, numbers 
6 - 9 = neg. log 10 of highest conc'n. permit- 
ting growth, numbers 15-29 = minimal inhib. 
conc'n. in units/ml; Polymyxin B 360 units; 
Pteridin = 0/129 Vibriostat; Pteridin discs 
conc'n. not reported; $.L.S. (sodium lauryl 
sulphate) .01%; Sulfadiazine 1 mg; Terramycin 


30 ug; Tetracycline 30 ig. 
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Table 4 


Known characteristics of soil and freshwater cytophagas 


Morphology 


Habitat 
Ga Raivio 


Cellulolytic species 


C hutehtnsontt S 39 23-25 2-10 
C.anularis* Ss 72> 3 C.o-o 
C.crocea * =) 

C.flavtcula* S 
C. lutea* S k 6-8 
C.sylvestriss S 2-9 ao) 

C. auranttaca S 42 (ae) 6-8 

C. rubra s 4-7 320-4 

C, tenutsstma S $f ekder 


) 
n 


C .winogradsktt 


Amylolytic species 


coze0 


C.albogilva Ober 

C.deprimata Se aye 5 D510 
C. johnsonae .2-.4 1.5-15 
C.Jjohnsonae var. denitrificans 22-4 1.5=15 


C.sucetntcans 
Pathogenic species 
C.psychrophtla 


C. columaris 


>< 


298-359 


These five species are now considered synonymous with 
C. hutchinsonit, 
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Table 4 - continued 


Known characteristics of soil and freshwater cytophagas 


Physiology - continued 


Temperature 


Minimum 
Optimum 
Maximum 
Minimum 
Maximum 


Celluiolytic species 


C. hutehtusontt 


30,20! 437,30 
tO: 30 32 

20-28 
20-24 


C.anularis 
C. crocea 
C.flavicula 
C. lutea 
C. sylvestris 
C.auranttaca 
C. rubra 
C, tenuisstma 
C. .winogradsktt 
Amylolytic species 
C.albogilva 
C.deprimata 
C. johnsonae 
C.johnsonae var. denttrificans 
C.sueeinteans 
Pathogenic species 
C.psychrophtla k  =20 23 


C.columarts 73 


Sugars 


asoulsyey 


BSOVIZO| AW 


charides 


“9S0| e494] 


@SO4ons 


aso yew 


2501927 


Disaccharides 


250190| [29 


aso} Ay geht i 
Wi | 
1 @ esoqly 
n 
° 
= asouweuy 
b a) | 
oe soulges 
wv | SA ie + an 4] 
®O | 
me) 
% @SOq4OS : 
o 
fae ‘ 
one | asouueW 1 ee apes ae 
140) n 
nolo 
es esoonl|y = oe: + + + + + t + 
om = 
2S ; + 
aso} 0e|e95 1 ae ay eo ence 


asojoni4 


Oa np es 
ee 72 , : a ake a ; 
| ‘| 7 
% « oe mete 
aS Mia ra ae 


me ee 


pa et pT A REY 
f 


mo Be | mn | | ; 
rab) vail ot Tovgette aie © 


ee ee ae 7 


a “ J = 

hei 

i ht ny 

bay 8 ‘p oe 
i ovis tw . 

4 ¢ 


i 


cei 


“peecaes 
: 


Si -ohtrt ay ea 
eater ce 


a a te 


he Pe s 
aa | i y 
Te 7 af 
Det Mae 
pfs Bounhgnos = & etdet 
| -pegurigesys jotewieert bas [loz to e2tszlre3:616I2 mart 


Lierate 


Asoatieato — 


‘ 


a! 


+++ ++ + + + + 


3D 


Table 4 - continued 


Known characteristics of soil and freshwater cytophagas 


Cellulolytic species 
C hutehtnsontt 


C.anularts 
C.crocea 
C. flavtcula 
C, lutea 
C sylvestris 
C. auranttaca 
C. rubra 
C, tenutsstma 
C .wtnogradsktt 
Amylolytic species 
C.albogilva 
C. deprimata 
C. johnsonae 
C.johnsonae var, denttrtficans 
C. sucetintcans 
Pathogenic species 
C. psychrophtla 


C.columaris 


Duicitol 


Ethanol 


Erythritol 
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Alcohols 


Inositol 


Mannitol 


Sorbitol 
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Table 4 - continued 


Known characteristics of soil and freshwater cytophagas 


Organic acids continued 


Glutamate 
Lactate 
Malate 
i Malonate 
Pyruvate 
Succinate 
| Tartrate 


Cellulolytic species 


C. hutchtnsontt 
C.anularts 
C. crocea 
C. flavicula 
C. lutea 
C. sylvestris 

C.aurantiaca oe 

C, rubra 

C, tenutsstma 

C wtnogradsktt 

Anmylolytic species 

C.albogtitva 

C. deprimata 

C. johnsonae 

C. johnsonae var, denitriftcans 

C,.succintecans 


Pathogenic species 
C.psychrophtla 


C.columarits 
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Nitrogen sources 


Amino acids 
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Table 4 - continued 


Known characteristics of soil and freshwater cytophagas 


Cellulolytic species 


C. hutehtinsonit 
C.anularts 
C.crocea 
C. flavteutla 
C. lutea 
C.sylvestrts 

C.auranttaca 

C. rubra 

C. tenutsstma 

C winogradskt1 

Amylolytic species 

C.albogtlva 

C. deprimata 

C. johnsonae 

C.johnsonae var. denttrificans 

C.suceintcans 

Pathogenic species 

C.psyehrophtla 


C.columnaris 


Nitrogen sources | Proteolysis 
continued 


Yeast extract 


Nutrient Broth 
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Table 4 - continued 


Known characteristics of soil and freshwater cytophagas 


Cellulolytic species 


C hutentnsonit 
C.anularts 
C. crocea 
C.flavicula 
C. lutea 
C, sylvestris 
C. auranttaca 
C. rubra 
C. tenuisstma 
C .winogradsktt 
Amylolytic species 
C.albogilva 
C .deprimata 
C. johnsonae 
C.johnsonae var, denttrtficans 
C.sueetntcans 
Pathogenic species 
C.psyehrophtla 


C.columartis 


Actinomycin D 


Bacitracin 


Chloromycetin 


R25 


R25 


S25 


R25 
325 


R25 
R25 
R25 


$25 


$30 


Antibiotics etc, 


6.0 


6.0 
6.0 
549 


Dihydrostreptomycin 


Erythromycin 
Neomycin 
Penicillin 
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Terramycin 


Tetracycline 
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Table 5 


Known characteristics of marine cytophagas 


Sea 


garolytic species 


Q 


éd 
C.dtffluens var. aprica 


c 


o,diffluens var. carnea 
C.fermentans var, agarovorans 
C. krzemtentewskae 

C. latereula 

C.lyttea 

C.saimonicotlor var. agarovorans 
C.senstttiva 

Non-agarolytic species 
C.fermentans 

C.haloflava 

C.haloflava var. non-reductans 
C.martnoflava 

C. rosea 


C.salmontcolor 


tf fituens Stanier emend. Lewin* 


Habitat 


ES (ee Ce ES ES 
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oo) 


GC Ratio 


Soroka 


Width 


eal aD 


oot ou 


Sew 


oS ies 


5-145 
5-10 
5-10 
13-45 

.8-1.0 


Be ays 
39.5 
suas 
10 

Sfiees 
aa 


Morphology 


Length u 


4-LO 
15-50 
>230 
2-30 
5-20 
2 
10-20 
2-30 
7-20 


5-200 
2.5210 
Z.p=10 
De 
2-8 
2-30 


*C.diffluens Stanier is cellulolytic but does not use starch 
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Table 5 - continued 


Known characteristics of marine cytophagas 


Physiology 
continued 


Sugars 
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Monosaccharides 


hexoses 
cP) 
cd) wn 
= € “ fe) (0) 0) oO 
: Ben 3be 3 ee 
Ws 
= 2 oO O oO = We} 
c x 5) i = = eS 
= oO es ie} — o te) 
= = LL Oo ao = 7p) 
Agarolytic species 
C.diffluens Stanier emend Lewi + + 
C.diffluens var. aprica + + 
C.diffluens var. carnea - - 
C.fermentans var. agarovorans ee a oe 
C. krzemtentewskae + + 
C, latercula + + 
C, lyttea + + 
C.salmontcolor var. agarovorans + + + + = 


C.sensttiva 


Non-agarolytic species 


C. fermentans 6.7-8.3 
C.haloflava 7.8 
C.haloflava var. non-reductans 738 
C.martnoflava 

C. rosea dot 


C.salmontcolor 


46 


Trisacc~ 
harides 


Disaccharides 


Pentoses 


asoulrssey 
aSOR!IZOL OW 
esol eyouy 
asouons 
aso [ew 
@s0}9e7 


9S0!qo| {39 


asojAy | + + + + | + 1 1 1 + 
asoq!y ' 
esouMeUuYy + + i 1 ! 1 + 
esoulqeuy ! + 1 + ro <0) SN to o+ 


ih Q ih 


con bell 
- th : 7) U k 
' iy 
( a idl ie na 
1 i , ig j 
pe { 
i i [ 
> ag as Pty j 
ing iv fl \ 
t i f 
VAR My { : \ 
f 
. 2 ht : iy a im 
~ Lia Ta v 
i 
ly : 


thie 


Teele O° connate 


Kine ghar both Ca OF vain oe 


a <heeme sn hres ity a LY ent RERUN NG el Meet 


| Fret | Sage 
1 japect | awa 
etc pos -mcpm tese i epph lin Ameaet in hme : ’ 


ie oan ly T 


Leb Par aontd Ty eulay Ae 


a err sit lente meet lett de 
; 


> .t6v erat 
.16¥. WitosnENy,D 
asviausine hes .9 
nivotetsi .3 
sgtys 9 

iev achooieomiag.3 
Sisicanss.9 


Seer STYyTaiereri 


etev sapltolas,3 


* puph ole, | 


v7 


Table 5 - continued 


Known characteristics of marine cytophagas 


Alcohols 
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Table 5 - continued 


Known characteristics of marine cytophagas 


Organic acids continued 


Glutamate 
Lactate 
Malate 
Malonate 
Pyruvate 
Succinate 
Tartrate 
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Agarolytic species 
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C. fermentans 
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Table 5 - continued 


Known characteristics of marine cytophagas 


Nitrogen sources Proteolysis 
continued 


Yeast extract 
Nutrient Broth 
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mus milk 
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Table 5 = continued 


Known characteristics of marine cytophagas 


Antibiotics, etc. 
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Table 6 


A Key to the Cytophagas 


a a a SI a LN RT a I ae ee a 


Soil and freshwater forms, Not obligately halophilic. 
Cellulose + Starch -. Not pathogenic. 
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Table 6 (continued) 


A Key to the Cytophagas 


Do not ferment carbohydrates. Agar +, 
Cellulose ' eeoeseeaeoev*teeaeeveevee*eeeoeeeereeeeeeeeeeeoeeeee C. krzemtentewskae 
Cellulose -, 


Resistant to .01% 
SLS,Orange ..... C.diffluens Stanier emend, Lewin var. aprica 


Sensitive to .01% SLS, 
Pink-Orange. Glycerol-. ..C.dtffluens Stanier emend, Lewin 
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1.5 Species Differentiation of Cytophagas 


Information about most Cytophaga species is not as complete 
as could be hoped, especially for those described earlier in the 
literature (Tables 4 and 5). A species key has been constructed 
(Table 6), although it is realized that because of the paucity of 
data available, this is unsatisfactory in certain respects. In 1948 
Tchan, Pochon and Prévot suggested that the genus be divided into 
two sub~genera, those able to decompose only polysaccharides, and a 
polyphagous group, of unspecified yet broader nutritional capabilities 
(392). Several groups are now well established (275) mainly on the 

basis of habitat and - degradation of the three ecologically sig- 
nificant polymers for whith the most information is available, 


cellulose, starch and agar, 


(i) Cellulolytic species from soil 


This group includes the type species of the genus 
C.hutehinsontt and five probably indistinguishable variants of it 
(Table 6). Relatively few strains have been successfully isolated 
and maintained in pure culture, and none have been added in the 
last 40 years, Differences between the species C.hutchinsontt, 
C.rubra, C.aurantiaea and C.tenutssima are restricted to colour of 
the cell mass and cell size, their physiology and cultural properties 
being very similar, C.wtnogradskit seems to belong in this grceup, 
although there is too little information in the only description 


of it (412) to warrant formal inclusion (Table 6, 375). Starch 
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58 
is not decker, differentiating this group from two described 
species C,albogtlva and C.deprimata which reputedly had weak cel- 
lulolytic activity when first isolated (120). There is no growth 
on ordinary nutrient media and when cellulose agar plates are used 
for culture the agar concentration must be kept to a minimum (about 
1%), An interesting feature of the group is their apparent failure 
to utilize soluble carbohydrates, subsequently found to be due to 
the toxicity of heat sterilized solutions and the sensitivity of 


some strains to high concentrations of soluble carbohydrates (348). 


(ii) Soil and freshwater amylolytic species 


The major species in this non-cellulolytic group is 
C.johnsonae characterized by utilization of chitin. Two species, 
C.albogilva and C.deprimata, were described by Fuller and Norman 
(120) but authentic cultures are not available. The differences 
between them are minor (colour and slight difference in cell size 
range), and it is impossible to tell to what extent they overlap 
with C.johnsonae since they were not originally examined for chitin 
degradation (275). A facultative anaerobe was added to this group 
in 1961 (12), C.suectnteans ferments carbohydrates, has weak chitin- 
oclastic ability and has different sugar reactions from C. johnsonae 


(Tables 4 and 6). 


(iii) Fish pathogens 


Two very similar organisms which degrade neither cellulose 


nor starch are included here, C.psychrophila and the organism 
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presently known as Chondrococcus columnarts but which most probably 

is a Cytophaga (page 17). C.colwmnaris causes lesions of exterior 

and interior fish tissues and oxidizes glucose, whereas C.psychrophtla 
causes dermal lesions, does not utilize glucose and has a lower 


optimum temperature (11, Tables 4 and 6). 


(iv) Obligately halophilic marine forms 


Two actively agarolytic Cytophaga spp., C.krzemtentewskae 
and C.diffluens, were described by Stanier (370). They both attack 
cellulose and alginate but differ by the production of a brown soluble 
pigment and attack of starch by the former. In spite of the lack of 
the type cultures of these species their origina: descriptions are 
probably adequate to allow their future re-identification (275 1t 
is more doubtful whether the description of the agarolytic C.sensttiva 
(173) is sufficient in the absence of an authentic culture (375). 

The first non-agarolytic marine forms to be isolated, C.haloflava 

and C.rosea (198, 199) are often overlooked yet their descriptions 
are reasonably detailed. The two species differ in colour and growth 
in trehalose. A rather confusing redefinition of C.dtffluens 

Stanier has recently been suggested by Lewin (245 and page 23) in 
which carboxy methyl cellulose (CMC) degradation is substituted for 
cellulose digestion, and ability to attack starch is added. Both 
C.diffluens Stanier and C.diffluens Stanier emend, Lewin have been 
included in the key (Table 6). Two varieties which do not utilize 
CMC are added, one of them does not use starch either. Lewin has 


also described two new species, C.lytica and C.latercula which are 
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60 
very similar to his emended C.diffluens (Tables 5 and 6). 
C.marinoflava (80), a halophile which will grow very slowly 
on non-saline media, can grow anaerobically if nitrate is provided, 
and digests neither agar nor cellulose has not been included in the 


key. 


(v) Human pathogens 


There are indications that a fifth group of cytophagas 
occur as pathogens in homoiotherms, since Graf (133) isolated what 
he thought were two species of a new genus Sphaerocytophaga. These 
have since been identified as Cytophaga spp. (page 2]), but never- 
theless, the fact that they were found in the human oral cavity 
and seem to cause Vincent's angina (345) lends them eee ie 
interest, In addition the etiological agent of meningitis of the 
newborn, Flavobactertun meningosepttcun, is suspected of more 


properly belonging to the genus Cytophaga (275). 
1.6 Taxonomy of Sporocytophaga 


Separation of Sporocytophaga from Cytophaga rests on the 
demonstration of microcysts, and this is a labile feature (97, 180), 
The only well recognized species is the cellulolytic S.myxococecotdes, 
which in culture appears otherwise identical with the classical 
cellulolytic Cytophaga group (C.hutehinsonii etc.). The microcysts 
contrast sharply in shape with the vegetative cells and are abun- 
dantly formed on filter paper media (164), The true fruiting myxo- 


bacteria share a number of features with both Cytophaga and 
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Sporocytophaga and Stanier (373) proposed classifying Sporoeytophaga 
with the myxococci rather than with Cytophaga, and this separation 
has continued (375). The evidence of DNA base ratios has now 
provided strong reason for revising this position and placing 
Sporocytophaga in the Cytophagaceae (Tables 2 and 3). Ina taxon- 
omical analysis of 40 strains of 14 species belonging to all five 
families of the Myxobacterales (271) six groups of fruiters were 
recognized at 94%S$ and a clear distinction between fruiting and non- 
fruiting myxobacters (56%S) was again confirmed, In addition 
studies of the cell wall composition of C.hutehtnsonit and the two 
forms of S.myxococcotdes (410, 411) have shown that all are essen- 
tially similar, It has even been suggested that the microcyst 
stage of C.myxococecotdes’' is merely a multilayered structure of the 
same composition as the vegetative cells (275). The present con- 
sensus of opinion (97, 275, 309, 316, 368) seems to favour the 
inclusion of Sporoeytophaga in the same family as Cytophaga, and 
not in the Myxococcaceae as in Bergey's Manual (375). Lewin's 
proposal that all the cytophagas be included together with the other 
gliding bacteria in the Cytophagaceae, Order Flexibacterales, still 
leaves Sporocytophaga in a doubtful eeieiary lt sisethe only 
microcystogenous genus and has obvious links with the fruiting 
myxobacteria in the separate Order Myxobacterales. 

An interesting postscript to the discussion of the 
systematics of the Myxobacterales is the observation (33) of the 


tendency of most groups of living creatures to evolve froma 
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62 
condition adapted to an aquatic existence to a terrestrial form. 
This is especially noticeable fn the reproductive and distributive 
structures and is clearly discernible in the Myxobacterales. The 
morphologically unspeetal tzed cytophagas are marine and freshwater 
organisms and are also found abundantly in sloughs and soils, 
especially wet ones (70). Sporocytophagas likewise are soil and 
water sroantene but the "higher'' fruiting myxobacters are regularly 
found only in soil and dryer habitats such as dung, rotting wood and 
tree trunks. There is no report of an aquatic, marine, fruiting 
myxobacter (310, 379), although myxococci have been isolated from 
semi-marine beach sand (50). Occasionally fruiting myxobacteria 
are found in freshwater, but in such small numbers (51) that it is 
considered that their resistant forms have been washed there fortu- 
itously (310), The myxobacteria are well adapted to a terrestrial 
existence (33, 132) by their creeping type of motility which requires 
a mechanical support. The highest evolutionary development in this 
group can be seen where the microcysts are grouped into fruiting 
bodies, often of very elaborate design. In the 'transitional' 
genus Sporoeytophaga the microcysts, although very resistant to 
drying and inanition, are formed and distributed singly. It is 
possible, therefore, that they may be the ancestors of the fruiting 


myxobacteria,. 
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CHAPTER 11 


THE RELATIONSHIPS OF THE CYTOPHAGAS 


WITH THE FLAVOBACTERIA AND THE FLEXIBACTERIA 
I!.1 Introduction 


The genus Cytophaga commenced as a somewhat natural taxon 
and became much less finite as strains which shared one or more 
attributes with the classical group were added, and as cytophagal 
properties were studied in more detail, The: Flavobacterta share 
with the cytophagas several characteristics; they are pigmented 
(often yellow), aerobic, rod-shaped, nonmotile and Gram negative. 
Flavobacterium, however, cannot be defended as a natural taxon as 
it has traditionally been a collecting heap for bacteria with the 
above characteristics which could not readily be assigned to other 
genera, The resulting generic heterogeneity is due partially to 
unintentional exclusion of some strains from Cytophaga (427). The 
cytophagas also seem to blend taxonomically with other gliding organ- 
isms. Physiology apart, there is little to distinguish the members 
of the genus Cytophaga from certain unicellular, rod-shaped blue- 
green algae (375). In recent years many new, colourless, gliding 
organisms have been discovered, the new genus Flexibacter (364, 365, 
366, 367) being an example, and their relationships with both the 
photosynthetic Cyanophytes and the cytophagas will have to be clari- 


fied. By long tradition colourless organisms such as the 
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Beggiatoaceae, which show very close morphological relationships to 
specific genera of blue~green algae, have been treated taxonomically 
as ''bacteria'' (377). Thus not only are the relationships of cyto- 
phagas with the fruiting myxobacteria in question, but two other 
boundaries have to be established, differentiating Cytophaga from 
Flavobacteriwn on the one hand and from the many different forms of 


flexing bacteria on the other. 
tion ane Flavobacterla 


The genus Flavobactertum, which is now placed in the Family 
Achromobacteraceae of the Order Eubacteriales has existed since 1923 
(30), when it was accompanied by a description allowing virtually any 
yellow-pigmented rod to be ascribed to it, regardless of the extent 
‘to which other characteristics might suggest a relationship to better 
defined but normally unpigmented groups. Pigmentation and an aerobic 
nature continued to distinguish Flavobacterium in successive editions 
of Bergey's Manual even though the original rationale to separate 
chromogenic bacteria into a common hierarchy was no longer used, The 
concept of Flavobactertwn was not changed with each new edition of 
Bergey's Manual except to exclude polar flagellates (29) and Gram 
positive forms (42), It is hardly surprising that of the 133 species 
of Flavobacteriwn described (57, 161, 441) 44 have been subsequently 
assigned to quite diverse genera. Twelve polar flagellates have been 
reassigned to Pseudomonas, eight Gram positives to Brevibacteriun, 


seven other forms to Agarbacteriun, five to Halobaeteriwn, two to 
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65 
Baetertun, two to Wocardia, and one each to Bacillus, Chromo- 
bacteriun, Corynebactertun, Escherichia, Microcoecus, Salmon- 
ella, Vibrio and Zettnowta. 

Since the last edition of Bergey's Manual the genus 
Empedobacter has been proposed (46) to encompass nonmotile rods 
producing a yellow water insoluble pigment. It has been suggested 
that 19 of the 89 presently recognized Flavobacteria be transferred 
to Empedobacter (46, 47, 48, 200, 315, 402), although these moves 
have been questioned (164), In addition proposals have been made 
to reassign one species of ee eee to Beneckea (66) and one 
more to Pseudomonas (58). 

The type species of the genus is Flavobactertum aquattile 
(Frankland and Frankland 1889) Bergey et al. 1923 which was origi- 
nally described as Bacillus aquatilis (117). There is no authentic 
culture extant, and Taylor's 1941 reisolate F36 from the same deep 
chalk wells in Kent that were studied by the Franklands does not 
conform exactly to the original description. Strain Taylor F36 is 
said to be motile and peritrichate (30), whereas the Franklands 
described B.aguattlis as nonmotile and showing slow oscillatory 
movement. In 1939 F.aquattle was deprived of its flagella to con- 
form with the original description (29). The problem is made more 
complex by the fact that this supposed reisolate of the type 
species has since proved to be a Cytophaga (82, 115, 426). No formal 
proposal of the generic name change from F.aquatile to Cytophaga 


aquatilis has yet been made, but there is however another, 
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66 
complicating, forma] proposal to reassign the species as Empedobacter 
aquatile (48). The organism has a DNA base ratio within the Cytophaga 
range and its growth characteristics easily allow its inclusion in 
this genus (Table 7). Three other Flavobacteria which have Cytophaga- 
like base ratios and characteristics (Table 7), have been cited as 
probable cytophagas (275) but again, formal proposals have not yet 
been made, These species are F.heparinum, F.mentngosepttcun and 
F.pectinovorun (also proposed as Empedobacter pectinovorun (200)), 
which would become C.heparina, C.mentngosepttea and C.pectinovora 
respectively. One organism originally ieee as a Flavobactertumn 
sp., NCMB 397 (369), has since been reassigned as Cytophaga 
psychrophila (80). 

Several other species of Flavobacterium have been challenged 
but not formally assigned elsewhere. F.actdiftewn, for example, 
may be a strain of Erwinta herbicola (275). F.flavescens, F.suav- 
eolans, F.arborescens and F.esteroaromaticum have been found to be 
Gram positive (275), and hence cannot remain in the revised genus 
(42). The latter two species have been proposed as Enpedobacter 
arboresecens (315) and E.esteroaromaticwn (402) respectively. The 
taxonomic affinities of four others whose current position as 
Flavobacterta has been questioned viz: F.auranttacun (398), 
F.buchnert, F.capsulatum and F,odoratum (275) have yet to be 
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Table 7 


Characteristics of selected Flavobactertum species 


Species 


F aquattile 


F hepartnum 


F,mentngosepttcun 


F peetinovorun 


Cultures available 


* = type culture 


Taylor F 36* (ATCC 
11947, NCIB 8694) 


ATCC 8375 (NCIB 8535) 
ATCC 9758 


ATCC 13125* 
(NCIB 9290) 


ATCC 13253* 
(NCTC 10016) 
ATCC 13254 
ATCC 13255 
ATCC 19248 


NCIB 9059% 
(ATCC 19366) 


PORE ae SR TE 2 A MERE SE 


Habitat % GC 
Freshwater 32-34 
high in 

Calo, 
Soil Wg 
Infant 36.4 
throat and 36.4 
spinal 

fluid 38.3 

: Son 

Soil 32.9 


Cb. = coccobacilli, Colours BY = brownish yellow, DY = dark yellow, 
GW = grey-white, LY = light yellow, 0 = orange, Y = yellow. 


Morphology 
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Swarming 


Motility 


Physiology 


Aerobic 
Anaerobic 
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Table 7 - continued 


Characteristics of selected Flavobacterium species 


Sugars 


Physiology’ continued 


Monosaccharides 


Temperature 
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Table 7 - continued 


Characteristics of selected Flavobacteriun species 


Miscellaneous 
Polysaccharides N sources Proteolysis 
continued 
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(redigestion of curd), R = reduction of dye. 
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Differentiation of Flavobaetertum from Cytophaga relies 
at present on the demonstration of swarming on solid media or 
flexing and gliding movement by the latter genus (162). However 
it is now recognized that swarming need not be restricted to 
Cytophaga (100, 162). The apparent association of spreading growth 
with the group of organisms designated Pleiston A by Floodgate and 
Hayes (113) led those authors to regard this group as consisting 
of Cytophaga strains, Subsequent examination of some of them has 
shown their GC ratios to be about 61% (93), whilst the group which 
Floodgate and Hayes considered to be Flavobactertum (Pleiston G) 
can now be identified as Cytophaga. Other differentiating character- 
istics will have to be found, and this depends on more specific 
definitions of both genera concerned. Pragmatic authors advocate 
that every effort be made to assign an unknown nonmotile, Gram 
negative, yellow-pigmented, aerobic rod to a well-defined genus 
before relegating it to Flavobacterium, 

At the present time then, there is no adequate means of 
defining the genus Flavobactertuwn. For convenience, two subgroups 
may be considered (164), 

(a) Nonmotile rods, not identifiable as Cytophaga, Gram 
negative, oxidative or not attacking sugars. Pleiston A of Flood- 
gate and Hayes (113) may belong here although some strains appear 
to be Gram variable and they also appear highly sensitive to 
penicillin, 


(b) Gram negative rods, motile by usually few peritrichous 
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flagella, oxidative in sugars. The relationship of these strains to 
genera such as Agrobacterium or Rhtzobtwn needs investigation, 
especially since one species of yellow-pigmented Agrobactertum is 
known (A.gypsophilae) (164). 

Hayes would restrict Flavobactertum to nonmotile forms 
and considered that the few peritrichous forms were sufficiently 
different from the nonmotile nonswarming ones to merit a separate 
genus. Brisou (315) has also separated flageliated flavobacteria 
from nonmotile forms but he would reserve the genus for motile 
species and place the nonmotile ones in a new genus Empedobacter, 
Hendrie, Mitchel] and Shewan (275) are of the opinion however, that 
most of the strains bearing this name which they have examined could 
be assigned to better defined genera. Thus further work will be 
required before this nomenclature can be accepted, Neither Hayes 
nor Brisou have reported nucleotide base ratio analyses for their 
cultures: were these values known confusion still might not be 
removed, As an illustration of this, while typical Cytophagae 
have characteristically low GC mole values there is at least one 
seemingly typical Cytophaga sp. NCIB 9497 (279) which has a higher 
value, 73.2% GC (275). The few reported DNA base ratios of 
Flavobacteria not identified as Cytophaga (93, 257, 275) seem to be 
only of these species of questionable taxonomic affinities and show 
a wide range (34-71% GC, Table 8) obviously indicative of a hetero- 


geneous group of organisms. 
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Table 8 


DNA base ratios of some Flavobacteria 


Species Strain GC % oops 
F actdtficun 48-50 257 
F arborescens 66-68 257 
F. buchnert A-] hi 32 275 
F,capsulatun NCIB 9890 63 275 
F,esteroaromaticum 68-70 257 
F, flavescens 66-68 257 
F. odoratum 34-36 25) 
F, suaveolans ATCC 958 64.5 82 
F, suaveolans . 66-68 257 
F,vttarumen ATCC 10234 63.3 82 
Flavobactertum sp NCIB 9491 Slie2 275 
Flavobactertum sp NCIB 9942 64.4 275 
Flavobacterium sp NCIB 9776 66.9 275 
Chitin digester NCIB 8501 7) 275 
Unnamed NCMB 296 by,3 275 
Unnamed (Pleiston A) NCMB 244 62.9 93 
Unnamed (Pleiston A) NCMB 259 63.7 93 
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It may well be that on closer examination of the remaining 
Flavobactertum species, that there is no necessity for this 


"regrettable genus" (374) after all. 


11.3 The Flexibacteria 


Unbranched filamentous microbes capable of slow gliding 


movements on solid substrata are common in nature, but have been 
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76 
generally neglected by microbiologists, in part because most routine 
culture media contain concentrations of organic nutrients inhibitory 
to their growth There are certainly hundreds of distinct species, 
nevertheless their taxonomy presents problems that are only just 
being understood. Three groups have been generally recognized (368): 

(i) Those which are clearly blue-green are assigned without 
question to the Cyanophyta; so are those such as Phormidiun perstetnum 
which have a pink or lilac colour due to an excess of phycoerythrin 
over chlorophyl]. All such pigmented forms are presumed to be capable 
of liberating oxygen by photosynthesis, although this has only been 
established in a few cases. In this respect they resemble the 
eucaryotic algae and differ from the photosynthetic bacteria. ie 
is noteworthy that there abe quite a few apochlorotic gliding 
organisms which bear a strong morphological resemblance to certain 
genera of Cyanophytes. 

(ii) Those filamentous forms which lack pigmentation but whose 
cells contain recognizable globules of sulphur (though the chemical 
nature of these globules is more usually presumed than established), 
are mostly assigned to the genera Beggtatoa and Thioplaca. Some 
authors have included them on physiological grounds with the hetero- 
geneous ''sulphur bacteria’! in the Beggiatoaceae, while others have 
preferred to classify them on morphological criteria among the 
Oscillatoriaceae (Cyanophyta). 

(iii) Those shorter apochlorotic forms with flexuous cells of 


which some at least secrete extracellular polysaccharases are usually 
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recognized as members of the genus Cytophaga or of other genera 
within the Myxobacterales., 

In addition there remains an assemblage of heterogeneous 
forms for most of which the taxonomic position has either been ignored 
altogether, or selected more by subjective than by objective criteria, 
Members of this assemblage have been variously assigned to one of the 
foregoing groups, or to new orders and classes, with a tendency to 
disregard earlier publications on the subject. This state of dis- 
organization may be due to the scattered nature of the literature, 
species having been described from almost every conceivable habitat 
by many types of biologists, and also to the lack of pure culture 
studies to determine physiological and biochemical facts, The sietiee 
tion is now (area thanks largely to the pioneering efforts of 
Pringsheim (317), who has been concerned with the phylogenetic 
relationships between bacteria and blue-green algae. Recently an 
organism with properties akin to flexibacteria, blue-green algae and 
to the green sulfur bacteria has been isolated from hot springs (311). 
This organism is morphologically similar to the apochlorophy] lous 
flexibacteria, its gliding movement resembles that of flexibacteria 
and blue-green algae, and yet it contains two bacteriochlorophylls 
found previously in the green sulphur bacteria. Such organisms will 
be of value in establishing the relationships between the photo-~ 
synthetic bacteria and gliding filamentous prokaryotes. 

Buchanan (55) set off the sulphur-containing filamentous 


forms, together with certain others, with a new ordinal name, the 
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Beggiatoales. This order would comprise the three trichome-forming 
Families; the Beggiatoaceae(genera Beggtatoa, Thiospirillopsis, 
Thtoplaea and Thiothrix) whose cells contain sulphur granules when 
growing in the presence of hydrogen sulphide, the Vitreoscillaceae 
(genera Vitreosetlla, Bactosetilla and Mierosetlla) which do not 
contain sulphur granules, and the Leucotrichaceae (genus Leucothrizx) 
whose nonmotile trichomes may have exterior sulphur particles, as 
well as the single-celled family Achromatiaceae (genus Achromatium). 

A taxonomic milestone was reached when Soriano proposed 
that the Myxobacterales be restricted to forms which possess fruit- 
ing bodies (364, 365, 366, 367). The non-fruiting species (Cytophaga 
and Sporoeytophaga) together with the Beggiatoaceae he classified 
in the new Order Flexibacterales which comprised the Families 
Cytophagaceae, Flexibacteraceae and Beggiatoaceae. Soriano (366) 
separated the flexible-celled organisms of the Orders Flexibacterales 
and Myxobacterales in the Subclass Flexibacteria from the rigid- 
celled Subclass Eubacteria, as was originally advocated by Breed, 
Murray and Hitchens (40). Tchan, Pochon and Prévot (392) concurred 
with the creation of the new genus Flextbaecter but they preferred 
to group the three genera Cytophaga, Sporocytophaga and Flexibaeter 
in a ''lower'' suborder Asporangiales of the Myxobacterales, because 
they considered them strongly related to the higher myxobacteria. 
Soriano's scheme has been thoughtfully amended (368) and reamended 
(245) until in the most recent proposal the majority of Buchanan's 


Order Beggiatoales is now included together with Cytophaga, 
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Sporocytophaga, Saprospira (Gross 1910) emend. Lewin 1962 (formerly 


misplaced in the Spirochaetales), Herpetostphon Holt and Lewin 1968, 


Flextbacter Soriano 1945, and Stmonstella Simons 1922 (formerly 


included in the Caryophanales) in the Order Flexibacterales. 


The 


classification suggested (245, 368) is as follows: 


Division: 


Class: Cyan 


Schizophyta (Procaryota) 


ophyta (Schizophyceae) 


Class: Bacteria (Schizomycetes) 


Subclass: 


Subclass: 


Order: 


Order: 


Family: 


Family: 
Family: 
Family: 


Family: 


Genu 
Genu 
Genu 
Genu 


Genu 


Genu 


Genu 


Eubacteria 
Flexibacteria 


Myxobacterales 
(excluding Cytophaga) 


Flexibacterales 


Begg iatoaceae 


Leucotrichaceae 
Simonsiel laceae 


Vitreoscillaceae 
(excluding M¢eroscilla) 


Cytophagaceae 
(or Flexibacteraceae) 


s: Saprosptra 

s: Flexithrix 

s: Herpetosiphon 
s: Sporocytophaga 
s: Cytophaga 


s: Flextbacter 


s: Mterosctlla 


Main Characters 
No nuclear membrane, etc. 


Photosynthetic, using 
chlorophyll! q@ and evolv~ 
ing oxygen, 


Generally not photosyn- 
thetic; if “so, do not 
evolve oxygen. 


Non-motile, or motile with 
flagella. 


Motile by gliding; none 
flageliated, 


Fruiting bodies, 


No fruiting bodies, 


Cylindrical; with sulphur 
granules. 


Tapering 
Flattened, 


Filaments constricted at 
nodes, 


Cylindrical; with carot- 
enoids. 


Helical, 
Branched. 
Sheathed. 
Microcysts formed, 


Mostly <20u, polysaccha- 
rolytic. 


Lengths various: mostly 
from freshwater or mud 
(see Table 9). 


Mostly >20u, marine 
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80 
Note: Lewin (245) includes 'Sphaeroeytophaga’ in the Family 
Cytophagaceae but this seems now to be an unnecessary genus 


(see discussion page 21). 


These ideas were discussed but not accepted by Stanier 
(375), although he notes that if 'cytophagas! are white and albuminous, 
"They may belong to Soriano's genus Flextbacter,'' More recently 
Soriano and Lewin's treatment of the systematics of gliding microbes 
has been accepted by several authors (77, 303, 304, 349, 350). Prévot 
and Fredette also group Flextbacter, Cytophaga and Sporocytophaga 
together in the Cytophagaceae but keep this family in the Myxobacterales 
(316). In a numerical analysis of Lewin's strains Colwell (77) has 
reported that the organisms of the genus Flextbacter as well as some 
of those identified as Cytophaga and Mterosetlla form a broad group 
with high phenotypic similarity, which she felt could not be sub- 
divided on the basis of the existing data, 

It is apparent that the four genera Saprospira, Flextthriz, 
Herpetostphon and Sporocytophaga are fairly easily distinguished by 
their morphology. There remains the Cytophaga + Flextbacter + 
Microscilla complex. Stanier (370) defined career as cellulolytic 
and Soriano originally differentiated Flextbacter from Cytophaga by 
the lack of cellulolytic ability (Table 9). Since that time a variety 
of Cytophaga species of increasingly diverse morphological and physiol- 
ogical characteristics have been described. The limits of this genus 
have become inconveniently diffuse, and new definitions are required 


for both Flextbacter and Cytophaga as a consequence. 
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Table 9. Explanatory notes 


SPECIES 


HABITAT 


SHAPE 
COLOUR 


SINGLE AMINO ACIDS 


D.O.P. ALANINE 


GROWTH FACTORS REQUIRED 


Type species is F.flextlts. 

F,auranttacus is composed of one strain 
each of Cytophaga auranttaeca and 
C.psychrophtila, 

F,lttoralis Lewin 1969 is synonymaus with 
F.lttorale (sic) Lewin 1963 which was not 
validly published. 

F.ruber Lewin 1969 is synonymous with 
F.rubrum (sic) Lewin 1963 which was not 
validly published, 

Fy,martnum was also described by Lewin in 
1963, it is now known as Mieroscilla 
martna, 

F = freshwater, Ff = freshwater fish, Fs = 
stagnant freshwater, H = hotspring, M = 
marine, Mc = marine copepod, S = soil. 

F = filaments, R = rods. 

0 = orange, P = pink, R = red, W = white, 
Y = yellow,YG = yellow gilt, * = dark 


water soluble pigment. 

Those tested (separately) were alanine, 
arginine, asparagine, aspartic acid, 
glutamic acid, glutamine, glycine, 
histidine, isoleucine, lysine, methionine, 
phenylalanine, proline, serine, 
threonine, tryptophan and valine. 

Growth (+ or -) and degradation of dihydro- 
xypheny] alanine; C = clearing, D = black 
or grey halo. 

# = necessity depends on the temperature of 


growth. 
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continued 


growth, A = acidification, C = clotting, 
= proteolysis (redigestion of curd), 


= reduction of dye. 


Growth (+ or -) and degradation of tyrosine: 


B 
R 


= black or grey halo, © = clearing, 
= red or pink halo. 


more sensitive than E,colt B but not as 


sensitive as Myxococcus xanthus FB or 


B, 


R = 


subttlts 168, 


resistant, S = sensitive. 
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Table 9 


Characteristics of Flextbiucter species 


Morphology 
Cells 
Species and references = , a 
13) Ae 
a) Hes Ww 
ee O Sa Dm 
2 oO mo) = 
a = o 
a= oe = Al 


albuminosus! 
2 


a 
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auranttacus 


.auranttacus var. copepodarum* 


my hy 


aurantiacus var. excathedrus* 


F. aureus! 


t 


2 


ro 


elegans!» 
flexilis (type species)!» 
flexilis var. tolanthae* 


flextlis var. pelliculosus* 


giganteus'»? 
Litoralis2»" 
.roseolus2 
ruber? 


sanett2 


Ue een ee 


Flexibacter sp. FS-1° 


1 Soriano 1945 a, b, c, 1947 (364, 365, 366, 367). 
2 Lewin and Lounsbery 1969 (246), 

3 Simon and White 1971 (350). 

* Fox and Lewin 1963 (116). 
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Table 9 = continued 


Characteristics of Flextbacter species 


Physiology 
continued 


Sugars 


Fructose 
Galactose 
Glucose 
Mannose 
Sucrose 


F. albumtnosus 


F, auranttacus 
F.avrantiacus var, copepodarum 
F.auranttacus var, excathedrus 
F, aureus 

F elegans 

F.flextlis (type species) 
F.flexilis var. tolanthae 
F.flextits var. pelliculosus 
F.gtganteus 

F, lttoralts 

F.roseolus 

F, ruber 

F,sanett 


Flextbacter sp. FS-1 
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Table 9 - continued 


Characteristics of Flextbacter species 


F.albumtnosus 

F, auranttacus 

F ,auranttacus var .copepodarum 
F.auranttacus var, excathedrus 
F,aureus , 

F, elegans 

F.fiexilis (type species) 
F,flextilis var. tolanthae 
F.flectlis var. pelliculosus 
F,gtganteus 

F, litoralis 

F.roseolus 

F ruber 

F.sanett 


Flextbacter sp. FS-1 
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Single amino acids 


Bovine albumin 


Catalase 
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Lewin (245) has redefinedCytophaga (page 28) as "usually capable of 


digesting (or depolymerizing) several insoluble or macromolecular 
colloidal polysaccharides such as cellulose (or carboxy methyl cellu- 
lose), chitin, agar, alginates etc,"' and he states that Flextbacter 
and Mieroscilla "have generally more limited extracellular poly- 
saccharase activity!! (Table 9). He specifies inability to attack 
cellulose (although curiously CMC is allowed), agar and alginate, 

but starch utilization is permitted, Both genera are proteolytic 

and may form long filaments, and thus the only means of differentiat- 
ing them is on the range of polysaccharides degraded. Microsctlla 
(Pringsheim 1951) emend, Lewin 1969 is very similar to FPleutbacter, 
with long filaments 20 to 100u or longer which may, however,. form 
Slender trichomes without perceptible septation. Lewin (245) has 


redefined these two genera as follows: 


. 


Flextbacter and Mterosetlla, Characters in common, 


"Flexible but not helical rods or filaments, usually 
Iu or less in width; crosswalls not apparent (at magnifi- 
cations of about x1000); not branched or sheathed; without 
flagella; capable of gliding on solid substrata; Gram 
negative; without photosynthetic pigments or intracellular 
sulphur granules; unable to attack cellulose or agar; 
reproduction by simple fragmentation; not forming fruiting 


bodies, spores or microcysts." 


Note: None of the 12 strains of Flextbacter, seven of Microsctlla 
and five of Cytophaga that Lewin tested were able to digest chitin. 


No marine Cytophaga has yet been found to degrade chitin (Table 5, 
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page 48), and all Lewin's. Cytophaga strains were marine. Some soil 
Cytophagas do have this capacity however (Table 4) and would other- 
wise be indistinguishable from flexibacters as neither will digest 
cellulose, CMC, agar or alginate, It is therefore felt that ‘inability 
to attack chitin’ should be added to the definition of Flextbacter and 
Microseilla in order to differentiate them from certain Cytophaga 


species, 


Flexitbacter characters. 


"Filaments generally 5 to 50y long; colour (seen only 
in packed masses) pink, red, orange or yellow; liquefying 
gelatin but not aiginate. Habitats: mostly along fresh- 


water banks, hot springs etc. (and some marine)", 
Mierosctlla characters, 


"Filaments usually 20 to 100u or longer; colour (seen 
only in packed masses) yellow or orange; some species 


liquefy alginate and gelatin. Habitat: marine shores", 
The 1957 8ergey's Manual lists two species from freshwater as well. 


It is evident that the extreme length of the cells and the formation 
of trichomes, as well as its limited polysaccharase production, will 
differentiate Mterosctila from Cytophaga and Flextbactee lt appears 
that the boundary between Cytophaga and Flextbaeter is not yet 
clearly resolved, too few characters distinguish them at present. 

If a non-cellulolytic variant of a Cytophaga is encountered, or if 

a laboratory test for a polysaccharase is equivocable, then this 


strain will be assigned to Flextbacter, This has already happened; 
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strains of C.auranttaca and C.psychrophila would not degrade cigarette 
paper in Lewin's laboratory (246), and as other characteristics were 
also similar, he has combined the two into a new species F.quranttacus, 
No other Cytophagas have yet been transferred to this genus. Ten 
species of Flextbacter and four varieties have been described (116, 
245, 364, 365, 366, 367) and at least one other has been 
assigned to this genus without being given a specific epithet (349, 
350). One of the species, F.marinwn, has been reassigned as 
Microsctlla martina, 

A necessary, but not sufficient, condition for substantial 
genetic homology between organisms is an overall similarity in DNA 
base composition (257). The GC values of several flexibacteria were 
analysed and discussed by Mandel and Lewin (254). The %G+C for 
90 cultures of flexibacteria (Cytophaga, Flexibacter, Flexithrix, 
Herpetostphon, Microsctlla and Saprosptra) ranged from 31 to 53. 

The 21 strains of Flextbacter had values of 30 to 47% (Table 9), 

the lower two-thirds of this range coinciding with the 31 to 42% 
reported for Cytophaga.(253). The gliding bacteria may be regarded 
as apochlorotic relatives of the filamentous Cyanophyta, notably 

the Oscillatoriales (154, 317). Representatives of the latter Order 
have GC values ranging from 39 to 51% (104) which overlap the range 


for the filamentous flexibacteria. 
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CHAPTER Hn 
A TAXONOMIC ANALYSIS OF A GROUP OF CYTOPHAGAS 
l11.1 Introduction 


Results from a computerized analysis performed by Quadling, 
Cook and Colwell in the early sixties, but only published in abstract 
form (320), were subjected to scrutiny. They picked representative 
yellow-orange colonies from streptomycin (30 ug/ml) Difco Plate Count 
agar, each from a different soil sample. They were tested for creep- 
ing motility on Cook's Cytophaga agar (71; see Table 16 page 105) 
and were subjected to tests to determine attributes previously found 
tobe characteristic of cold+tolerant arctic Cytophaga strains (319). 
Coded results were subjected to numerical analysis, following the 


methods of Sneath (357) and of Colwell and Liston (81). 


111.2 Description of the analysis and its results 


4 


Seventy three tests (Tabie 10) were performed on 68 Cy tophaga- 
like organisms from Canadian and Scottish agricultural soils and 
scored on a simple plus or minus system, A Q analysis resulted in the 
identification of 13 clusters and of two main groups linked at 61% $ 
(Figure 1). The organisms 15D and 18H represented the central concept 
of Group |, which also included 11 other organisms within the fairly 
tightly knit 75% S boundary. The larger Group |! comprised 33 organ- 


isms within a 70% $ core, with the organisms 425, 439, 440 and 499 


being the most ciosely linked. A subgroup of arctic isolates near 
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Group II, a small (? Alcaligenes)subgroup of Group |, and a ''Myxo- 
bacter' subgroup which possibly forms an intergrade between Groups 
| and I! and the fruiting myxobacteria were also identified (79). 
All members of Groups | and I! had 23 characteristics 
in common (Table 11), and a further 12 characteristics were shared 
by a similar % of isolates in each group (Table 12). The members 
of Group | were 100% positive for another 15 characteristics for 
which Group I! had a variable response (Table 13); similarly there 
were 6 characteristics which all members of Group II shared but 
where the Group | response was varied (Table 14). The 13 organisms 
comprising Group | represented a more compact group, with a 75% S 
limit and 45 characteristics for which all of its members were 
positive, whereas the larger Group II had a wider limit of 70% 
and only 29 wholly positive charcteristics. The nine main differences 


between the two groups are shown in Table 15, 
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Table 10 


Tests Used for the Taxonomic Analysis 


Cell Norphology Survive | hr at 50°C 
Rods long Survive | hr at 45°C 
Rods short Survive 1 hr at 42°C 
Rods of variable size Survive 1 hr at 35°C 
Rods irregular Growth in 0% NaCl 
Rods slender Growth in 3% NaCl 
Rods curved Biochemistry of Carbohydrates 
Chains present Prototrophic (glucose + salts) 
Blebs present Starch hydrolysed 
Cells flagellated and motile Hel glucose >» acid* 
Jerking movement HglL lactose — > acid 
Good contrast HEL sucrose =~ acid 
Gram negative , HgL maltose —> acid 

Colony Morphology Hé¢L mannitol —> acid 
Scanty growth HEL glycerol —> acid 
Visible insoluble pigment HsL oxidative 
Other pigments BgH glucose —>acid* 
Creeping motility on agar B&H lactose — >» acid 

Growth in Liquid Medium B&H sucrose ~> acid 
Even turbidity when shaken B&H maltose —»> acid 
Ring in broth culture B&H mannitol == acid 
Pellicle in broth culture B&H glycerol — acid 

Physiology 


Growth at pH 5.5 ; HEL - Hugh and Leifson (172) 


Growth at pH 8,0 B&H - Board and Holding (35) 


Growth at 0°C good 
Growth at 30°C good 
Growth at 35°C good 
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Table 10 - continued 


Tests Used for the Taxonomic Analysis 


al 


sp cp ee ele eee ene en er eens od 


Miscellaneous Biochemistry 
Gelatin liquified 
Hydrolysis of skim milk 
Catalase produced 
NO, -— > NO 


3 4 
NO, —3 gas 


) ea growth with NO, 
Phosphatase at pH 6,2 
Phosphatase at pH 8.3 
Ornithine —> acid 
Hydrolysis of Tween 40 
Hydrolysis of Tween 60 
Hydrolysis of Tween 80 
Cysteine > H,S 


Z 


Thiosulphate —> Hos 


Antibiotic and Antibacterial 


Sensitivities 

Sel wien Uc 
Streptomycin 100u tubes 
Streptomycin 10u discs 
Penicillin 100u tubes 
Penicillin lOu tubes 
Penicillin 10u discs 
Chloromycetin 30u discs 
Polymyxin B 30u discs 
Tetracycline 30u discs 
Novobiocin 30u discs 
Erythromycin 30u discs 
Aureomycin 30u discs 
Kanamycin 30u discs 


Terramycin 30u discs 
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" $.L.S. = Sodium lauryl sulphate 
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Table 1] 


Characters shared by all organisms of Groups | & I| 
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Morphology Rods not irregular 
Not in chains 
Cells not flagellate/motile 
Gram negative 


Not scanty growth 


Physiology Growth at pH 8.0 
Growth at 30°C 
Survive |] hr 35°C 
Survive | hr 42°C 


Growth in 0% NaCl 


Biochemistry Not prototronhic 
Hydrolyse starch 
No acid from lactose (H & L) 
No acid from mannitol (H & L) 
No acid from glycerol (H.s L) 
Not oxidative (H § L) 
Hydrolyse skim milk 
Phosphatase at pH 6,2 
Phosphatase at pH 8,3 
No acid from ornithine 
Antibiotics Resistant to Penicillin 10 u discs 


Resistant to Erythromycin 30 up discs 


Resistant to Kanamycin 39 u discs 
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Table 12 


Characters shared by a similar % 


(within 10%) of organisms in Groups | & 11 


Expressed as % of each group positive for each 
character, in order of decreasing positivity, 


Characters Group | Group !| 


OE SE TT LOTS BT FN I EN A EE AEC A LS I IES BF I EE NEI OE EE NE NE TTT 


Gelatin liquified 100 96.6 

Visible insoluble pigment 100 96.55 
Other pigments 100 96.52 
Resistant to Streptomycin 1!0u discs 100 96.5 

Resistant to Polymyxin B 30u discs 100 ooih 

Catalase produced 100 33 

No blebs present 100 92.86 
Growth at pH 5.5 8h .6 I5a 

Resistant to Penicillin 10u tubes 66,67 68 ,00 
Growth at 0°C good 46.2 48.3 

NO, =? HO, 23 31 


Growth in 3.0% NaCl 15.38 10.34 
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Table 13 


Characters 100% positive for 


Group | and variable for Group II 


= FT A rg eS 


(nema e ne 


Characters % positive Group I] 
Hydrolyse Tween 40 89.66 
No gas from nitrate 86.21 
No acid from lactose (B & H) 82.76 
Survive 1] hr at 45°C 75.86 
Sensitive to Novobiocin 30u discs 68.97 
Sensitive to S.L.S. 01% 48.28 
Resistant to Streptomycin 100: tubes 48,28 
No acid from sucrose (H & L) 25.81 
Rods. not long 25 
No acid from glucose open (B & H) T2AS 
Cysteine — HS 10.34 
No acid from glucose (H & L) ca 
No acid from maltose (H & L) aS 
Ring in broth culture 0 
Pellicle in broth culture 0 
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Table 14 
Characters 100% positive for 
Group II and variable for Group | 
Characters % positive Group | 
No growth at 35°C 19a3 
Acid from maltose (B & H) 61.54 
Do not survive | hr at 50°C 38.46 
Acid from mannitol (B & H) | 23.08 
Rods curved 15.38 
Poor contrast 7-69 
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Table 15 


Main differences between the two Groups of cytophagas 


Character % Group | % Group 11 
Positive Positive 

Ring in broth culture 100 0 
Pellicle in broth culture 100 0 
Acid from glucose (H & L) 0 96.87 
Acid from maltose (H & L) 0 96.87 
Good contrast 92.31 0 
Cysteine > HS 100 10.34 
Acid from glucose, open (B & H) 0) 87.87 
Rods curved | 15.38 100 


Creeping motility on agar 7.69 93.10 
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Nols) Dilscussiton 


Strain Cook 405 is a chitinoclastic denitrifier and has been 
identified as C.gohnsonae var. denitriftecans, It is included in 
Group I! in this analysis on Sear similarity. Chitin degradation 
was not included in this series of tests because of difficulties in 
finding a suitable medjum,and this is a pity. Decomposition of cellu- 
lose was not achieved by the few isolates tested (83), and about one 
quarter of the organisms of both Groups reduced nitrate. On this 
basis it was assumed that Group | and Group I! both fell within the 
species C, johnsonae, 

Recent work (see Chapter VIII) has established that none 
of the organisms 15D and 18H (Group |), 405 (Group II), 9D and 3C 
(Myxobacter subgroup) degrade cellulose or alginate. All of these 
except 3C decompose starch and polypectate, and only 405 and 3C 
utilize chitin, Thus if C,johnsonae is to be defined mainly on its 
ability to attack chitin, it would appear that Group I! could be 
equated with C.johnsonae and that Group | would be a closely related 
but distinct species, 

One consequence of the application of numerical taxonomy 
is the ease with which small differences in rank may be recognized. 
The two groups described here have their highest linkage at 61% $ 
and are mainly bounded by cones of 75% S (Group |) and 70% S (Group 
l1). The question of assigning to them specific or varietal names 


rests on the degree of similarity necessary for species status. Sokal 
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and Sneath (362) wisely did not suggest absolute $ 
limits for species but preferred to designate various 'phenons', 
In this case the core of Group | would be a 75-phenon and that of 
Group 11 would be a 70=phenon, and the two groups together would 
constitute a 6l-phenon. It ierpronsniy preferable to leave the 
assignation of names to these phenons until more work has been done 


on soil’ and freshwater cytophagas, 
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CHAPTER IV 
THE ISOLATION AND ENUMERATION OF CYTOPHAGAS 
IV.1 Myxobacterial media 


Myxobacters have been widely cultivated on milk and its 
derivatives since 1913 when Kofler (223) used a skim milk - nutrient 
agar medium formulated by Hastings (160). Various milk hydrolysates 
have also been employed (99, 263, 282, 294). Ordal and Rucker (293) 
reported success with a tryptone agar, subsequently augmented with 
yeast extract, sodium acetate and beef extract (9). A simple 0.2% 
tryptone - 1% agar medium (Cook's Cy tophaga Agar) has been used as 
a test for colonial spreading (78, 432). Peptonised milk was intro- 
duced as a myxobacter medium by Jeffers (187), and this was later 
supplemented with tryptone, yeast extract, sodium acetate and beef 
extract (67). In this laboratory a variety of cytophagas and fruiting 
myxobacteria have been maintained for some years on a skim milk - 
yeast extract agar or broth, or on autoclaved yeast cell agar (83, 
356). Suppression of contaminants during isolation of myxobacters 
has been reported with actidione (52), eee and cycloheximide (67), 
and penicillin G, chloramphenicol or bile salts (424). The object of 
the present study was to find media which supported the growth of 
large numbers of cytophagas from natural sources, and solid media 
which encouraged the spreading habit of these myxobacters and facil- 


itated their isolation into pure culture, 
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I1V.2. Materials and Methods 


Examination of Media: The media used comprised some previously suc~ 
cessful ones, together with several original modifications (Table 
16). All except one had a protein base consisting of tryptone or a 
degraded milk or dead yeast cells, or a combination of these. Yeast 
extract and/or beef extract supplements were included in most of the 
formulae, and sodium acetate in many of them, Experience in this 
laboratory has shown that cytophagas often grow better, and certainly 
demonstrate spreading better (374), on nutritionally more dilute 
media , hence many of the new formulations reflect these observations. 

Various water and mud samples from known Cytophaga habitats 
were employed to evaluate the media, Inocula of 0,1] ml cf suitable 
dilutions were spread with bent glass rods on the dried surfaces of 
agar plates,using five replicates of two dilutions of each sample, 
All plates were incubated at room temperature (25°C) for five days. 
The non-fruiting myxobacteria of typical colonial morphology were 
estimated quantitatively, and various qualitative characteristics of 
the colonies were assessed, 

Media were evaluated on their effectiveness in: 


(i) supporting the growth of large numbers of cytophagas; 
(ii) producing colonies which were easy to identify and isclate; and 


(iii) allowing expression of the spreading growth habit. 
To verify the nature of the yellow colonies counted as cytophagas, all 
such colonies from several different plates were checked for typical 


microscopic morphology. 
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Table 16 


Composition of media 


Ay | GAP 0) 

| 2b Sas ae ae Zo 8 ; 

Name o - cP lian iY 5 2 2 
——a—s 3 5 ieee 
arent Concuuteaticons, (E,U.01? oleate = 

Cook's Cytophaga (432) .2 1.0 

TN oA. 22 4745: ~02 Nao 

Weak T.Y.A. <A 02 .002 PAS 

Cytophaga Agar* 32 05 .02 e02 V5 

Plate Count (Difco) a Ly ail 15 

1/10 Plate Count .05 .025 01 1.5 

Plate Count Acetate iD sp Buz fl ede 

Peptonised Milk (67)  .005 .05 005 002 .002 ie 

Pep. Milk I -005 .05 0] 002 es 

Pep. Milk II Sa Jaca .02 .02 1.5 

Peo, Milk 111 50) 4.05 005 002 002 t.5 

Pep, Milk IV 5005.05 01 002 eS 

a Pe) a ord wae 202 bP, 

Pet YA. 14 Al AMPA 002 Be, 

Pellet etic ctl] a Ee ad wue ico 

Skim Milk (356) By 20D 1.5 

Skim Acetate 05 205 .02 hee 

Yeast Agar (356) 5 ISS 

Yeast Tryptone Agar a =25 Pe 

VuEsA. Mins a! “ll ce 1S 


*\ Modified from Anderson and Ordal (12). 


K HPO), = 0.8%, KH PO, = .02%, MgSO, = .02%. 
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Tween 20 experiments: The dispersing agent Tween 20 was evaluated 
for its effectiveness in increasing the counts of myxobacters (12, 
126). Using the three best enumeration media (Table 17), and Plate 
Count as a comparative standard, water and mud samples were tested 
as follows: | 
(i) Tween in dilution blank: Dilution series for the samples 
were made up with different concentrations, (0, 0.001, 0.01, 0.1, 
1, 10, 100 and 1000u litre/litre) of separately autoclaved Tween 20 
in the inoculating dilution water blank. Five replicate plates of 
two suitable dilutions were incubated at 25°C for five days. 
(ii) Tween in medium: One plain dilution series for each sample 
was plated in quintuplicate on seven sets of media containing 0, 0.01, 
0.1, 1, 10, 100 and 1000p Titre/litre of Tween 20 respectively. 
Sodium lauryl sulphate (S.L.S.) experiments: This selective bacter- 
iocide was chosen after a large number of possible agents were 
exhaustively screened (83, 320). Experiments were carried out to 
ascertain whether S.L.S. could be a usefu! taxonomic aid and/or a 
differential counting tool. Preparatory studies were carried out to 
determine the concentration of S.L.S. in agar medium which would 
effectively inhibit growth of organisms that were considered morphol- 
ogically as cytophagas. Fourteen cytophagas and four non-cytophagas 
were inoculated from liquid culture on to fresh Plate Count plates 
containing 0, 0.005, 0.01,80,05, 0.1, 0,5 and 1.02 S.R.S.° respectively. 
A further 26 cytophagas and seven other bacteria were tested at 0, 


0.05 and 0.1% S.L.S’. levels. 
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The three best isolation media (Table 18) were used to test 
116 pure cultures on triplicate plates with, and without 0.1% S.L.S. 
incorporated into the agar medium prior to autoclaving. The organisms 
comprised 66 cytophagas, 15 Flavobacteritum type cultures and 26 other 
common soil and water organisms (Tables 23 and 24), After five days 
at 25°C growth was scored as luxuriant, fair, trace or negative, and 
proteolysis (clearing) of the skim acetate medium was noted. 

To test the usefulness of S.L.S. in enumeration of cyto- 
phagas three dilution plates, from soil, creek mud and creek water 
respectively, which contained 20-50 colonies of various organisms 
were replicated with velvet on to three types of fresh media. Dupli- 
cate plates of plain media were replicated first, and then further 
duplicate plates with 6.1% S.L.S incorporated were inoculated, These 
were incubated at 25°C for five days and growth of cytophagas and non- 


cytophagas was recorded, 
IV.3. Results and discussion 


Media: Many different samples were tested with the 20 listed media 
(Table 16), and although no one medium always gave the highest numbers 
of cytophagas or the best quality of growth, for each category there 
were certain media which were consistently better than the others. 

To simplify matters we have included in the tabular presentation only 
those three or four media which consistently performed better for 
enumeration of cytophagas (Table 17), for ease of recognition and 


isolation (Table 18) and for expression of the spreading habit (Table 19). 
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Table 17 
Recommended media for enumeration. Examples of data, 
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Upper creek sample Creek mouth sample 
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Medium Range Av. phagas Range Av. phagas 
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Table 18 


Recommended media for isolation, Example of data. 


Quality of cytophaga growth 


Average Compactness Character- 
numbers of istics of 
Medium x 10*/ml Colour Size colonies medium 
Range = Range = Range = 
V. Pale Pinpoint Discrete 
to VY. to to 
Bright large spreading 
Pepe Mitko il 14.0 Bright Large Discrete Clear, 
colourless 
Skim Acetate 15.5 V.Bright Variable Spreading Cloudy, able 
to be lysed 
Pati tote: 114 10.25 Bright Medium Discrete Slightly 
cloudy, 
colourless 
Plate Count re Bright Large Spreading Clear but 


yellowish 
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Table 19 
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Example of data, 


Medium 


Pep. Milk | 
PEM .Y.A. Jf 
Yeast Agar 


Pep. Milk | 
Patter ces TT 
Yeast Agar 


Average 
numbers 
x 103/mi1 


% of 
cy tophagas 
which spread 


Largest 
diameter 
(mm) 


White Mud Creek - Upper sample 


50 
70 
a0) 


60 
85 
33 


70 


White Mud Creek - Mouth sample 


2] 
2] 
15 


10 
5 
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70 
38 
68 
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1] 
The most generally useful media were Skim Acetate and PMYA II, and 
these two were also superior in the later enumeration experiments with 
Tween, Skim milk and peptonised milk are thus confirmed as excellent 
nutritional sources for cytophagas, with yeast extract and sodium 
acetate being stimulatory for this group. 
Tween: The most effective concentration of Tween 20 in the inoculat- 
ing dilution water was 0.1u litre/litre (Figure 2), but this did vary 
slightly with the sample and medium. Counts of cytophagas were 
increased two to three and one half times over the control dilutions, 
However, at concentrations between | and 1000, litre/litre there was 
an increasingly pronounced inhibitory effect. The incorporation of 
Tween 20 into the agar media did not increase counts of cytophagas 
significantly or consistently but an inhibition of numbers of organ- 
isms was again apparent at 100 and 1000u litre/litre (Figure 3). If 
Tween is indeed having a detergent action breaking up clumps of cells 
in the sample, then it is obvious that it would be more effective in 
a liquid sample being shaken than in a solid agar medium, In the 
particular sample used for Figure 2, a slight increase in numbers is 
apparent at 0.CO1n litre/litre, then a drop at 0.0ly litre/litre before 
the 0.1u litre/litre peak is reached. This was often noted in various 
samples, and it can only be speculated that Tween 20 is having two 
different effects, or an effect at two levels. The depression of 
cytophaga numbers by high concentrations of Tween is shown by both 


methods, presumably due to cell membrane rupture by the surfactant. 
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60 


—o—  PMYATI 

—-e— SKIM ACETATE 
—-->-— PLATE COUNT 
TYA 


40 


20, 


NUMBERS OF CYTOPHAGAS x 104/ml 


0001 001 0.1 1 10 100 1000 
CONCENTRATION OF TWEEN (litre /litre ) 


Figure 2, The influence of Tween 20 in the inoculating dilution 
blank on numbers of cytophagas from a small roadside 
slough near Gainford, Alberta. 


50 


—o— pmyAll 

—->— SKIM ACETATE 

—--©-— PLATE COUNT 
40 s---o--=-  TYA 


NUMBERS OF CYTOPHAGAS x 104/mi 


0.01 0.1 1 10 100 1000 
CONCENTRATION OF TWEEN (litre /litre) 


Figure 3, The influence of Tween 20 in the plating medium on 
numbers of cytophagas from a small roadside slough 
near Gainford, Alberta. 
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S$.L.S.: In the preparatory studies to determine the effective con~ 
centration, 0.05% S.L.S. completely inhibited 77.5% of the cytophagas 
but only 36% of the non-cytophagas, while 0.1% S.L.S. inhibited 92.5% 
of the cytophagas compared to 45% of the non-cytophagas (Tables 20 
and 21). The decision was made to use 0.1% sodium lauryl sulphate 
as a screening agent for cytophaga cultures, Some of the cytophaga~ 
like organisms tested in the preliminary experiments did in fact grow 
at this concentration (Table 20), but because of other work proceeding 
concurrently (83) these were ignored, It is now considered that the 
organisms 3C, 17B, 21B and 23B do not fit the main concept of the 
Cytophaga group as we recognize it, but are more closely related to 
the fruiting myxobacteria (see Chapter I11). 

In the experiments with pure cultures 97% of the cytophagas, 
as well as 80% of the Flavobacteria, and 85% of the other organisms 
tested were sensitive to 0.1% S.L.S. (Tables 22, 23 and 24). However, 
91% of the cytophagas were proteolytic on Skim Acetate and sensitive 
to S.L.S., compared to 53% of the Flavobacterta and 50% of the other 
cultures, Of the lattermost group of organisms there were none that 
were not easily differentiated morphologically from cytoohagas, Hence 
the S.L.S. susceptibility test should be done on Skim Acetate so that 
the proteolytic reaction can also be observed, 

The replicate plating of soil and water samples with and 
without S.L.S. resulted in the inhibition of 75-98% of the organisms 
by the $.L.S. in samples containing about 15% cytophagas. As it was 
shown above that S$.L.S. susceptibility is not restricted to the cyto~ 
phagas, it is thus not surprising that the attempt to utilize it as a 


differential counting tool was not successful. 
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Table 20 


Growth of cytophagas on Difco Plate 


Count with various concentrations of $.L.S. 


Organisms Concentration of. 5.75.5 -% 

Our laboratory numbers Oo T0rb0s Ol Ors 0 0.5 1.0 
1520 + - - - - - 
Ear hvocp + + - - - - - 
Group a* + - S S “ 
9D + + trace = = = - 
Wnels atepe, Tle, 3D, 

14D, 18H + “ - - - - 
78 + < + trace - - - 
3C + + + + - - ~ 
sehen to + - 
olghilot + +’ trace 
17B + +poor +poor 
ZB A238 + + + 


i EI I ET I PT ET TET EA ER A RB RP RA RTO TEN 


+ = good growth 
- = no growth 
(blank) = not tested 


* Group a 416, 418, 4040, 4041, 4042, 4043, 4044, 4045, 4046, 4047, 
4o48, 4049, 8B, 9B, 10B, 12B, 22B, 2D, 4D. 


# C.johnsonae 


pti | AG Wl a : an = 


‘Of, ater + — 


ot Te 


saal% worte no evigadgaibya 1 
ii fe te a iat At Soo 


i a ay 
cee a 


P 


ee ee 9S 


£ Vase? te noleWneene? bet) Bide Aas, 


ot 2.0. 40 360. Rial’) OD ool lee ee 


‘ * “ ae 
a nee v 
- - - - co *' *-) 
5 OE aN + - 
wt - “ - ~ + 4 +> id 


’ 

i 

’ 

‘ 
2 
uv 
e 
=. 
aoe 

+ 

+ 


- - - - *% at 
- - <> eee + ph ah 
™ ™ - * : . “yf * 
: ; P | iy 
end + 
O60" yoeqe wn 
+ * 
: ah Pete) PT «', 
rin AIworR a 


| eX ere va) > Ae | 
‘008 3808 aus diet (eon (Stoo paige one ri eey ro e194 
a. +8 si Ast! 868 ‘ails eee 5 il tel: | 


‘ : 5 4 r ae 7 ) . E 7 ; fi 7 
ah Te, be oa a he heen * (ane oy 
se ——_ ' 


i a i ‘ Be i y Pad wea i 
/ | hie» a ee ; a 
Aas eal ie eee aes , = stele ai mv 


Table 


VS 


2] 


Growth of non-cytophagas on Difco Plate 


Count with various concentrations of S.L.S. 


Non-cytophagas 


Mterococcus denttrificans 


CDA 449 


Arthrobacter CDA 852 


Arthrobacter aurescens 
CDA 579 (ATCC 13344) 


Flavobactertum aquattle 


ATCC 11947 


Agrobactertum radtobacter 


CDA 418 


Serratia marcescens 
Aerobacter aerogenes 
Eschertchta colt 


Rumen organism Ro 


Agrobactertun radtobacter 


CDA 590 


Pseudomonas stutzert 


NCIB 9040 


+ 


(blank) 


good growth 
no growth 


not tested 


0 


+ + 


+ 


+ + + + + 


0.005 


Concentration of S 
0.01 0.05 0, 


+ + + 
+ + + + 


CDA = Canadian Department of 
Agriculture, Ottawa, Ontario 
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Table 22 


Growth of Cytophagas on 
three media with and without 0.1% S.L.S. 


Na ST Oe TE a eT ee ad 
Ae oe Ne skin Mcetate 

; primera amen: PL OLEe= 

Organisms idiots. becetr tail. Pootao. FE Lain, “to..o,° -Olysis 


Our laboratory numbers 


Extremely Sensitive 


Group 1* ++ - +++ - +++ - J 
5, 4048, 2D +++ - bbe - +++ - 0) 
Very Sensitive 
13B +++ - +++ + +++ - v 
Group 2* +++ = +++ : ++ + v 
3D, 4D +++ - tb - tt + 0 
F-2-25 +++ + +++ + +++ - Vv 
hOS#, B-2-25 +++ + +++ - tf + JV 
Group 3%* +++ - a +++ + VA 
Group 4* +++ + +44 + +++ + ¥ 
Sensitive 
PCS ++ - +++ - +++ + Y 
PC10 ++ - ++ - ++ ~ v 
PC7 + - +++ - +++ + J 
PC8 +++ ~ +++ ++ +++ “ v 
PC} ++ - +++ + oe + J 
O49 ++ ~ ee + a +: 0) 
Weakly Sensitive 
PC4, H90-1A +++ ++ 0 +44 + +++ + J 
PC2, E-I-15 +++ +. ht x ew ++ v 
D-2-25 sah ++ +++ + debe 4+ v 
PC12 + + +++ + +++ + J 
“Group 1 495, 4045, 22B, 3C, 10I, 121, PC9, PC15, PCI6, D-1-25, G-2-15, 
6-25 25¢LGsbaGid 169225 PH-da2SroHo0-1-4 Se0He0-4-25, 1-1-15, 


K24, K54, G-1-25. 


Group 2. 18H, 81, B-1-15, B-3-15, B-4-15, E-1-25, FBB, Gill-2-25, 
H-22253 


Group 3. 15D, A25, F-1-15, G-3C-25, Gill-1-15, Kidney 2A. 
Group 4 9D, PCI], PCI4, Al5, B-1-25, C-15, F-3-15, G-1-25, Kidney 2, 


# C. johnsonae +++ luxuriant, ++ fair, + trace, - negative, 
Vv lysis, 0 no lysis. 
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Tabtes23 


Growth of Flavobacteria type cultures 


on three media with and without 0.1% S.L.S. 


Be 


Organisms Plate Count Pep. Milk 1 Skim Acetate 


Prote- 
ue fee Fiemmeccl.S. Plain +5.0.S.,..Plain. +S.L.S, .olysis 


Extremely Sensitive 
Group |* +++ - +++ - +++ ~ v 


Group I1* +++ - +++ - +++ ~ 0 


Very Sensitive 


F, restnovorun 


8767 af +++ - +++ ~ ee - 0 
F, suaveolans 

8992 tb _ +++ + +++ - J 
Group III* +++ + tebe - +++ + i / 


Not Sensitive 


F, proteus 


8771 oe ++ +t ++ ++ a 0 

F, rhenanun 

9157 a# +++ +44 b+ + ok +b 0 

FP, rhenanun 

9157 b# +++ +4 tt te +++ +++ 0 
*Group | F. arborescens 8185, F. esteroaromaticun 8186, 


F. flavescens 8187, F. lucecoloratun 9324a # 
F. luceecotloratum 9324b # 


Group II F. devorans 8195, F. aurantiaewn 6204, F. restnovorun 


8767b # 
Group II! F, aquattle 8535, F. peetinovorun 9059 


# Two different organisms were isolated from these newly acquired 
cultures, 


+++ luxuriant growth, ++ fair growth, + trace, - negative growth 
/ lysis, 0 no lysis. 
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Table 24 


Growth of other bacteria and actinomycetes 


on three media with and without 0.1% S.L.S, 


See 


Plate Count Pep. Milk Il Skim Acetate 
Organisms Prote- 


Pea 6 Tt coke id Pokal Uke choles ote l WGdsT eihSuilsio-en OMS IS 
Our laboratory numbers 


Extremely Sensitive 


Group A* et - +t+ - +++ - v 

Group B* +++ - +++ - +++ - 0 
Very Sensitive 

Group C* +++ - +++ - +h a Jf 

B.potymyxa 4615 +++ - +++ + +++ - J 

B.alvet 4619 +++ + ++ + 0 +++ . 2 

Group D* +++ + +++ + 0 ++ + v4 

B.megathertum +++ + +++ + 0 +++ + 0 
Weakly Sensitive 

Agrobactertum 

tunefactens A21 +++ + +++ + +++ +4 0 

Rhtzobtun 

meltlott RM9 +++ - +++ + +++ +++ 0 

Alealtgenes 

faecalis 4455 bb oh et + +++ aa 0 

Rhizobtumn 

meltlott 110 bah i +++ + +++ fob 0 

Micrococcus 

dentrificans 623 +++ +tt 44s + +44 ~ ) 
Not Sensitive 

Group E* +++ +++ roe oe oS ae es e+ ¥ 

Group F* +++ +++ +++ +++ 9 +++ +++ 0 


* Group A Bacillus brevis 4612, B. subtilis 4611, B. pwmilis 4614, 
B, licheniformis 4617, B. circulane 4618. 


Group B- B, cereus 4616, Pseudomonas stutzeri M305, Actinomycete 
4398, Actinomycete 4460, Actinomycete 4467. 


Group C “Whitel!, Chromobacteriun, 

Group D- 'sporeformer', Arthrobacter globiformts 4165. 

Group E Serratia marcescens 5127, Escherichia colt. 

Group F Agrobactertun radiobacter 515, Pseudomonas aeruginosa, 


+++ luxuriant growth, ++ fair growth, + trace, - negative growth 
~“ lysis, 0 no lysis. 
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CHAPTER V 
A STUDY OF SOME ARCTIC CYTOPHAGAS 
Vl sintroduction 


There have been a few studies establishing the existence of 
myxobacteria (52) and of cytophagas (273, 319) in the Canadian arctic, 
but so far little detailed information about them has been accumulated. 
In this investigation a series of cytophagas from five lakes in the 
North West Territories were isolated and described in some detail as 


part of a more general study of the microflora of these lakes, 
V.2 Materials and methods 


The samples were collected by R. L. Hare and W, G. M. 
Gattinger of the Inland Waters Branch during the summer of 1971 and 
are outlined in Table 25, Although the samples were taken aseptically, 
their subsequent handling did not allow quantitative estimations to be 
made. Cook's Cytophaga Agar, T.Y.A. and Skim Milk Agar plates (71, 
see Table 16, page 105) were inoculated aye dilutions of each sample 
and incubated at room temperature (about 25°C) for 11 days or at 10°C 
for 18 days. Colonies which could be cytophagas were picked and 
purified for further work, Tests, which were carried out at the 


isolation temperature of each organism (10° or 25°C) were as follows: 
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Table 25 


Arctic Samples 


pt an ST SR A I SOLO RN SS SN a NN Sa oe I OA Cs A SS SES Td 

Lab, Conduc- 

Sample # ‘Location in N. W. TF, Zone Lake pH = tivity 
(mhos/cm) 


4765 water 10 106N 9 8~616900- 

7507900 Deep Lake, 

4S miles NE of Subarctic Limnetic*® 7,2 135 
4765 mud 5 Arctic Red River 


4794 water 8 106M 6 8-484400- 
7462950 15 miles W Tundra Pistotal sO.) 25 
4794 mud 7 of Ft. McPherson 


4796 water 9 106M 7 8-502350~ Coniferous 
7461200. ..In flood. Forest Littoral OG 4210 
plain of Peel River, 
15 miles, S of Ft. 

4796 mud 6 McPherson 


4810 water 1 106M & 8-526000- Coniferous 
7475250 15 miles E Forest Littoral 7.5 90 
4810 mud 2 of Ft. McPherson 


4824 water 3 106K 13 8-551500- Coniferous 
740980 20 miles W Forest. welt ttonal LS an Hot 
4824 mud 4 of Martin House done 


“Limnetic = no light to bottom of lake 


“Littoral = light to bottom of lake 
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(i) Cook's Cytophaga Agar streak description and micro- 
scopic examination, 

The amount of growth, occurrence of spreading, colour, 
length, width, shape and motility of each organism were described at 
three to four days (25°C) or five to six days (10°C). 

(ii) Skim Milk broth description and microscopic examina- 
tion, 

Proteolysis (indicated by the clearing of the solution), 
and silkiness of the liquid culture were noted at two, three and six 
days. Microscopic observations of length, width, shape, flexing 
and motility were made at 10-14 hours and two days (25°C), or 24-42 
hours and five days (10°C). 

(iii) Skim Milk plate description and tests. 

Growth at 5° and 30°C, and proteolysis were noted at six 
days. At four to five days Gram stains were made, and the Munsell 
colour (277) determined in the following manner. The total surface 
growth was scraped up with a loop and well mixed on the agar surface, 
then a blob was transferred to a flat white porcelain plate. It was 

quickly shaped into a mound I-1.5mm high with a flat surface of at 
least four oy Comparison with standard Munsell colour chips was 
done immediately to forestall colour changes which occur on drying. 
The criteria for defining a culture as a Cytophaga were the following. 


Organisms were Gram negative, nonmotile rods which in Skim Milk broth 
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were (a) Very thin to thin in width ( <0,5y) 
(b) Medium to long in length ( > 5u) 
(c) Flexuous 
(d) Silky when culture gently shaken 
(e) Proteolytic 


and on Skim Milk Agar 


(f) Produce a pigment within the range of 7.5 to 10 YR 
6 to 7/8 toil2 


and (g) Show spreading growth on Cook's Cytophaga Agar. 
Up to three characteristics of the group (a) to (g) may not.be shown, 
with the exception of combinations of 


(i) Non-flexuous and non-spreading 
(ii) Short and not thin 


or (iii) Not thin and non-flexuous, 
V.3 Results 


The results of the individual tests on the isolates are 
presented in Tables 26 and 27, The first figure of the colony number 
indicates the laboratory sample number, and the second is specific. 

A summary of the types found in each sample (Table 28) shows consider- 
able variation between the samples, The large number of cytophagas 
isolated from sample #1 (4810 water) reflects the more intensive 
investigation of that sample as well as the preponderance of yellow- 


orange colonies found on the plates. 
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Table 26 


Characteristics of the arctic 


isolates on Cook's Cytophaga agar* 


S ge 
nee & 
Colony Go = ‘a L 
Number << G om Colour 
I=] 25 Pe (bean 
ls3 25 ate = OYE 
1-10 25 ‘th + OY 
I-11 25 ++ + OY 
1-12 10 + + OY 
hws 25 ++ + OY 
1-14 25 ++ + OY 
T=15 10 + + OY: 
1-16 25 ++ + OY 
bt 10 + OY 
i-18 10 + - OY 
19 25 ++ + OY 
1-20 25 ++ + OY 
1-2] 25 ++ + OY 
1-22 25 ++ + OY 
1=23 25 ++ + OY 
1-24 25 ++ + OY 
1-25 25 ++ + OY 
1-26 25 ++ + OY 
1-27 10 + +t OY 
1-35 10 ++ + OY 
2-1 25 + - OY 
2-2 25 z - Cream 
re = Cream 


253 25 


"Growth! column: ++ 


= good, + = fair, 
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Length > 
» - 
o 9 @& D 
Y= 4 Width 2 Shape 
"ae et V.thin = _ Rod 
Py Gate tae Thin = ods “tn 
groups 
oa Thin - Rod 
+ Thin - Rod 
+ + Thin - Rod 
es Thin - Rod 
5 3 Thin - Rod 
md Ae Thin - Rod 
we te er Thin =" Rod 
+ + + Thin - Rod 
GF a: li Thin - Rod 
cg ee i Thin - Rod 
tia eS Thin - Rod 
+ + + Thin - Rod 
+ er = Thin - Rod 
- + + — Thin - Rod 
ab ee yee. Thin - Rod 
Cia tte Thin = Rod 
ay gs Thin - Rod 
if Thin - Rod 
a oe Thin - Rod 
a ne Thin - Rod 
ie ile Thin - Rod 
= - Thin - Rod 
40> sitgant,. - = negative, 
positive, - = negative. 


All other quantitative columns: + = 
Cb. = coccobacillus, OY = orange-yellow, 
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Table 26 - continued 


Characteristics of the arctic isolates on Cook's Cytophaga agar 


c e Length , 
tes alle ee: = 
Number —E ao) ww COLoiin “i i= 1 Width = _ Shape 
2-4 25 + = Yellow. - + - Thin - Rod 
2-5 25 oy - Cream + £+ Gt Thin 3 Rod 
2-6 25 pt - Yellow + + + Thin - Rod 
2-7 25 - - OY + + - Thin - Rod 
2-9 25 ++ + OY - - - Medium - Rod 
2-10 25 + din OY Sait OS - Thin - © Rod 
2-14 25 +  - oY thee Thin - Rod 
331 25 + tn OY Se teat Thin = » Rod 
Bad 25 te Th OY + + = Thin =» Rod 
383 25 + = White - + + — Thin - Rod 
3-4 25 ++ + OY + -  & Thin - Rod 
3311 25 +f Tit, OY n= Beal Thin = » fod 
3-12 25 ++ + OY + + = V.Thin = Rod 
3-14 25 ++ + OY + =a Thin - Rod 
3319 25 ++ + OY + - = Thin = » Rod 
3-22 10 ++ + OY t+ oo- Thin = 9» Gbox 
3-23 10 ++ + OY + =pouty Thin = 9 Gby 
5-6 10 ++  - OY - - + Thin - Rods, many 
circles 

6-1 25 + + Cream - + = Thin - Rod 
6-2 25 B - OY - + + Thin - Rod 
6-3 25 + =O + + -= Thin - Rod 
6-4 25 + a a OY, + + + Thin - Rod 
6-9 10 + - OY + + = Medium - Rod 
i=) PES &. - Cream + + + Thin - Rod 
7-4 10 #40 “+ “OY - + - Thin - Rod 
Se 25 + - OY + + + Thin - Rod 
9-4 25 or =) 20 = +. +. thin . - © Rod 
10-6 10 ++ + OY + - - Thin r= Rod 
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Table 27 


Characteristics of the arctic isolates on skim milk media* 


Skim Milk Broth Skim Milk Agar 
Length & = 
ee > 2 e Growth Munsell 
Seis & o > nwmaz & I S 530° © 
1-1 - + + Thin + + + Rod = TO-YR 6/12 
1-3 f= hii bes oe = “Rode: eo = 9 ae = 10 YR 6/12 
1-10 = + + Thin + + + - Rodq’+ ++ ++ = JO YR 6/12 
oo eres = et Pr er NRO me hii dein ss) 76. YR7/ 10 
bane Peer uo eatin Ceo rach STOO mL ee. hes) ake mc ba R,. 7110 
1-13 - + Thin + + + = Rod| + + ++ = 7.5 YR 6/10 
1-14 - + + Thin + + + - Rod] + + ++ - 7.5 YR 6/10 
1-15 ee ee te ee te Rod ayer OP at T=. 5 ER TO 
1-16 - + + Thin + + + = Rodj| + + ++ = 7.5 YR 6/10 
bay set = Thi te = Rede eteteg 3+ (= 7.5. YR 7/10 
1-18 + + + Thin + + + = Rod} + + + - 10 YR 7/10 
1-19 - + = Thin + + + - Rod] + + ++ = 10 YR 7/8 
1-20 - + - Thin + + + = Rod] + + ++ - 7.5 YR 6/8 
1-2] - + + Med + + + = Rod} + + ++ = 7.5 YR 6/10 
1-22 - + - Thin + + + = Rod] + + ++ - 7.5 YR 6/8 
1-23 - + - Thin + + + = Rod] + + ++ - 7.5 YR 6/8 
1-24 - + = Thin + + + = Rod] + + ++ = 7.5 YR 6/10 
1-25 - + - Thin + + + = Rod] + + ++ - 7.5 YR 6/10 
1-26 - + - Thin + + + - Rod} + + ++ = 10 YR 7/10 
1-27 - + = Thin + + + = Rod{ + + ++ -=- 7.5 YR 6/8 
t=55 + + = Thin + + + = Rod] + + ++ - 7.5 YR 6/10 
2-1 PF oetoe hit oem seet = hoaa +) + Ft = 7.5 YR 6/12 


“"Growth at 5° and 30°C*® column: ++ = good, + = fair, + = slight, 
- = negative. All other quantitative columns: + = positive, 
negative. "Lysis of skim milk" = partial or complete clearing. 
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Table 27 - continued 


Characteristics of the arctic isolates on skim milk media 


Skim Milk Broth Skim Milk Agar 


bs ee D H 2 Growth 

>o e = - ‘ee re Munsell] 
Pease Ss Se ae s)he =  & ‘cedtoun 

pts es 2 = STS Sl] a SS Bowe es 
2-2 eee hh ee et hOG ite te ee =. FO YR 6/12. 
2-3 eo Thin + + + Rod + - ++ - 10 YR 6/12 
2-4 + + - Thin + + + = Rod] + - ++ = 10 YR 6/12 
2-5 ee ee) ei, ee ORR PR ee Be TH 2 SRY IZA 
2-6 + + + Thin + + + = Rod] + ++ ++ - 10 YR 6/12 
i <1 Mee Thin + + + = Rod] + ++ ++ =- 10 YR 6/12 
2-9 - + - Thin +°+ + = Rod{ + ++ ++ - 7.5 YR 6/8 
2-10 - + - Thin + + - Rod] + + ++ = 7.5 YR 6/8 
2-14 + + - Thin + - - Rods + - ++ = 7.5 YR 6/10 

some chains 
3-1 - + + Thin + + + = Rod] + + ++ - 7.5 YR 6/12 
3-2 + - Thin + + + = Rod] + + ++ - 10 YR 6/10 
3-3 + = V.Thin+ + + = Rod| + - ++ - 10 YR 6/12 
3-4 -~ + = Thin’ + + + = Rod] + + ++ ?- 7,5 YR 6/8 
3-11 - + Thin + + + - Rod] + + ++ = 7.5 YR 6/8 
3-12 - + Thin + + + =- Rod}| + + ++ =- 7.5 YR 6/10 
3-14 - + - Thin + + + = Rod] + + ++ - 7.5 YR 6/10 
3-19 + + - Thin + + + = Rod] + + ++ - 7.5 YR 6/8 
3-22 + - = Thin - + + = Rods, + ++ ++ ?- 7.5 YR 6/10 
some chains 

3-23 +. = = oThin. “sy tet Rodel, + + ++ ?- 7.5 YR 6/10 


some chains 


5-6 - + + YV.Thin+ + + = Rod] + ++ - - 10 YR 7/10 
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Table 27 - continued 


Characteristics of the arctic isolates on skim milk media 


Skim Milk Broth Skim Milk Agar 
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Table 28 


Cytophagas found in arctic samples 


Number of Cytophagas 


Grow at Spread~:. Prote- 

Sample Total BC 30°C ing olytic 
4765 water (10) 1 0 1 1 1 
mud (5) 1 ] 0 0 
4795 water (8) 0 0 0 0 0 
mud (7) 2 2 2 ] 2 
4796 water (9) 2 2 2 2 2 
mud (6) 5 hk 1 1 5 
4810 water (1) 2] 160 21 18 2] 
mud (2) 10 4 10 2 10 
4824 water (3) 10 3 10 10 10 
mud (4) 0 0) 0 0 0 


ee oa enaaeicaettoceemtenemnanmnemnnatonesemeieietionisanmanettanenesaiitehiik cee daheciioneneimaaunetnnsitiediieteeanadadetindimestiemeamniemnanien teamammeeaeamneaeticantiaeataaemmnsinne iain aaa 


A summary of the characteristics of the 52 arctic cytophagas appears 
as Table 29. 

Several groups of cytophagas were recognized and are out- 
lined below. All were very thin to thin rods of medium to long maximum 
length, were flexuous, silky, proteolytic and of orange-yellow colour 
(7.5 to 10 YR 6 to 7/8 to 12) on Skim Milk media, and grew very well 


on both Cook's Cytophaga Agar and Skim Milk Agar unless otherwise stated. 
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Tabhe 29 


Summary of the 
Characteristics of the Arctic Cytophagas 
Characteristic Resulting Group Cytophagas 


Number s 


aed 


Cook's Cytophaga agar 


Growth ++ 25 18 
+ 18 35 

Ei 9 i 

= 0 0 

Spreading + 29. 56 
+ 2 

22 42 


Note: Of the 44 (85%) that grow on this medium 30 (65%) 
show some spreading. 


Motility 
Cook's Cytophaga agar - be 100 
Skim Milk broth - 52 100 
Morphology 
Cook's Cytophaga agar Bacilli 50 96 
Coccobacill1i y 4 
Skim Milk broth Bacilli 52 100 
Maximum Length 
Cook's Cytophaga agar Short 15 29 
Medium 17 33 
Long 20 38 
Skim Milk Broth Short 2 4 
Medium 28 54 


Long 22 42 
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Table 29 - continued 


Characteristic Resulting Group Cytophagas 
Number % 


Width 


Cook's Cytophaga agar Very thin 2 4 
Thin 48 O2. 
Medium 2 h 
Fat 0 0 
Skim Milk broth Very thin 2 ls 
Thin 4g 9h 
Medium l 2 
Fat es 0 
Colour on Cook's Cytophaga agar Orange Yellow 43 83 
Cream 6 12 
Yellow 2 4 
White 1 2 
Munsell Colours on Skim Milk agar Orange Yellow Total 50 96 
Fore A 6/8 9 17 
6/10 13 25 
6/12 Z 4 
7/8 l 2 
7/10 3 
10 YR 6/10 2 4 
6/12 12 23 
7/8 | Z 
7/10 6 l2 
Wiz 1 2 
Yellow Total l 2 
7 an f 7/10 l 2 
Untested ] 2 
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Table 29 - continued 
Pc SS I A RS I SA a A Te a eT 


Characteristic Resulting Groups Cytophagas 
Number @ 
Flexing in Skim Milk broth + 50 96 
- 2 4 
Silkiness in Skim Milk broth + 5] 98 
- l 2 
Proteolysis (Clearing) 
Skim Milk broth + B2 100 
Skim Milk agar + 5] 98 
é l 2 
Gram reaction G- and ?G- 50 96 
?G+ ] 
Untested l 


Temperature relations | 
Growth at 5°C ++ i2 23 


+ 26 50 

- 6 12 

= be) 

Growth at 30°C ++ 4S 87 

s 2 4 

a 3 6 

| - 2 F 

Growth Range 

'Strict psychrophiles' (no growth at 30°C) 2 h 

'Psychrophiles! (better growth at 5°C) 3 6 
'Tolerant'! (similar growth at 5° 

and 30°C) 7 13 

'Mesophiles! (better growth at 30°C) 32 61 

'Strict Mesophiles' (no growth at 5°C) 8 15 
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Spreading cytophagas 

(1) Moderate growth on Cook's Cytophaga and Skim Milk, 
Mesophilic Organisms 1-12, 1-15, 1-17 and 1-27. 

(2) Mesophilic Organisms 1-11, 1-13, 1-14, 1-16, 1-19, 
120, 1-200%) Jeotenehs gnaw qe abeh Lo coy desig 2-idjeged;! 3241, 
3-12, 3-14, 3-19 and 7-4, 

(3) Tolerant Organisms 1-10 and 2-9, 

(4) Coccobacilli on Cook's Cytophaga, and short rods on 
Skim Milk. Tolerant. Organisms 3-22 and 3-23, 

(5) Cream coloured, moderate growth on Cook's Cytophaga. 


Strict mesophile. Organism 6-1, 


Non=spreading cy tophagas 


(6) Cream coloured, poor growth on Cook's Cytophaga., Strict 
mesophiles. Organisms I-1, 2-2 and 2-3, 
(7) Cream coloured, moderate growth on Cook's Cytophaga. 
Colour 2.5 ¥ 7/10 om Skim Milk. Not lytic on agar. Strict meso- 
phile. Organism 2-5. 
(8) Cream coloured, poor growth on Cook's Cytophaga. 
Tolerant. Organism 7-1. 
(9) Orange-cream coloured, moderate growth on Cook's 
Cytophaga as short rods. Colour 10 YR 5/8 on Skim Milk. Strongly 
proteolytic. Strict mesophile. Organism 4-4, 
(10) Yellow coloured, poor growth on Cook's Cytophaga. 
Strict mesophile. Organism 2-4, 
(11) Yellow coloured, poor growth on Cook's Cytophaga. 


Tolerant. Organism 2-6, 
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(12) Poor growth on Cook's Cytophaga as short rods. Strict 
mesophile. Organism 1-3, 

(13) Poor growth on Cook's Cytophaga as short rods. Not 
silky. Strict mesophile. Organism 2-14, 

(14) Moderate growth on Cook's Cytophaga. Mesophiles. 
Organisms 2-1, 3-1 and 3-2, 

(15) Moderate growth on Cook's Cytophaga and Skim Milk. 
Tolerant. Organisms 1-18, 2-7, 9-2 and 9-4. 

(16) Moderate growth on Cook's Cytophaga. Strict psychro- 
philes. Organisms 5-6, 6-2, 6-3, 6-4 and 6-9, 

(17) White coloured, poor growth on Cook's Cytophaga. 


Strict mesophile. Organism 3-3. 
V.4. Discussion 


The three media used for isolation, namely Cook's Cytophaga 
Agar, T.Y.A. and Skim Milk should screen the samples exhaustively for 
cytophagas (71). Of course if more and different media were used it 
is inevitable that other organisms could be found. The Cytophaga group of 
organisms (some of which may belong to Flextbacter) were well repre- 
sented, being recovered from all five lakes examined although not from 
every sample. The group was especially numerous in 4765 and 4810 
water samples. 

Spreading on Cook's Cytophaga Agar was shown by only 56% 
of the 52 cytophagas found in this study. In addition there were a 


few other organisms which exhibited creeping motility on this medium, 
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notably motile bacteria and organisms producing copious mucilaginous 
material. Hence spreading on this medium should not be considered 
as an infallible criterion for the identification of cytophagas. It 
is still an excellent confirmatory characteristic nevertheless, 

The use of liquid Skim Milk broth, as opposed to the agar 
media tested, gave consistently superior estimates of three important 
criteria for cytophagas, maximum length, thinness of cells and prote~ 
olysis (clearing) of milk. Thus it is suggested that one estimation 
of these characteristics from Skim Milk broth would be sufficient. 
The use of this liquid medium also permits the observation of flexing 
by the cells and of siikiness of the growth medium on gentle tapping 
or shaking of the container. Silkiness, which has been noted before 
(83, 374) but never proposed as a diagnostic criterion of this genus 
(245, 275, 375) was found to correlate rather well with other charac- 
teristics such as flexing and thinness of the cells. It has the 
advantage of being a very easy characteristic to determine. It has 
to be noted, however, that silkiness is also achieved by other long- 
celled or ena Ar carn hg organisms, by the production of large amounts 
of polysaccharide, and sometimes by single motile or non-motile rods 
(unpublished results). 

The arsoenagds isolated from these sites showed a good 
conformity of colouring, as measured by the Munsell system, Ninety 
six percent were deep orange-yellow falling within the notation 7.5 
to 10 YR 6 to 7/8 to 12 with one organism slightly yellower. 

The only 'strict psychrophiles' (grew at 5°C but not at 


30°C) found in the study were cytophagas, however the vast majority 
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of the cytophagas were mesophilic, and only 23% grew really well at 
5°C. Their activities must therefore be limited at normal lake 
temperatures, 

The grouping of morphologically similar cytophagas was done 
mainly to facilitate the selection of organisms to be kept in stock 
culture for further study, It showed, interestingly enough, that the 
30 spreading organisms belonged to only five types, whereas the 22 
non-spreaders were more varied, forming 13 types. 

Although it is difficult to compare the results of Chapters 
l11, !V and V because of differences in the objectives and techniques 
used, some comments follow. In all three studies the large majority of 
the cytophagas were yellow-orange in colour, with less than 5% of pink, 
brown or other colours observed, Both spreading and non-spreading 
cytophagas were encountered in all three studies. Tne taxonomic in- 
vestigation (Chapter I1i) resulted in two grcups being recognized, 
the first were shorter-celled organisms of which only seven percent 
spread on Cook's Cytophaga Agar. Group I! were longer-celled and 
93% of these organisms were spreaders, [In the enumeration an 
isolation study (Chapter IV) from five to 85% of the cytophagas 
encountered on any one plate were spreaders, The arctic organisms 
(Chapter V) were mostly medium or long in length and only 56% of 
these exhibited spreading. It is therefore concluded that these 


populations are very similar. 
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VI.2 ELECTRON MICROSCOPY 
VI1,2.1 Literature review 


The ultrastructure of the fruiting members of the Myxo- 
bacterales is well documented, There are published accounts of 
several species including Archangtum gephyra and A.violaceum (234,342), 
Archangiun sp. (440), Chondrococeus coralloides (342), Chondromyces 
apiculatus (2, 4, 234, 236, 342), C.crocatus (1, 3, 264), Myxococcus 
fulvus (168), M.rubescens (234, 236, 342), M.virescens (168, 234, 342), 
Micanthusy (17. 168y 217, 234,5260, 261, 340, 341, 342, 413, 414, 415, 
416, 417), Polyangtwn fuscun (234, 236), Sorangiun cellulosum (183), 
Sorangium spp. (179, 234, 342) and Stigmatella aurantiaea (326, 327, 
418). The surface structure of Sporocytophaga myxococcoides has been 
investigated (258, 410, 411) as well as the internal anatomy (166, 
167). The ultrastructure of four species of Cytophaga has been 
described, namely of Cytophaga (Chondrocoeceus) colwmaris (237, 299, 
303, 304), C.hutehinsonti (258, 410, 411), C.gohnsonae (114, 115, 
420) and C.marinoflava (405). Follett and Webley's limited electron 
microscope studies on Flavobacterium aquatile NC1IB 8694 (115) demon- 
strated a ‘remarkable’ morphological similarity to Cytophaga johknsonaé, 
but this appears not so remarkable in view of the similarity in DNA 
base composition (93) and general cultural characteristics (275, see 
page 66). The ultrastructure of two Flexibacter species were 
described by Hageage (149) but no illustrations were provided, and 


Flexibacter FS-1 has been studied by Simon's group (314, 349, 350). 
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The vegetative cells of the myxobacteria are Gram negative 
rods which are of three size ranges (100). They may be thick rods 
with blunt ends (eg. 1.2 x 2.5u) exemplified by Sorangium; thin, 
delicate rods (eg. 0.5 x 5-10u) such as found in the genera Cytophaga 
and Sporocytophaga, or they may be of an intermediate size (eg. 

0.75 x 5.0u) exemplified by Myxococeus, The cells of Flextbacter 
appear to be less than I» wide and may form extremely long, often 
septate filaments (eg. 0.7 x 400u ). By contrast the Cytophaga- 
like strains presently known as Flavobacterta can appear as regular 
rods or even coccobacilli (275). 

The low optical refractility, flexibility (at least for the 
longer cells, and this may be a function of their length), and 
gliding motility of the vegetative cells of myxobacteria had previously 
led to the acceptance of the assumption that these cells either lacked 
a rigid cell wall (375), or that they had no cell wall at all (179, 
232, 404), even though the microcysts supposedly possessed a refractile, 
deeply-staining wall. The sensitivity of gliding bacteria to actino- 
mycin D suggested to Dworkin (102, 103) that their surfaces were 
different from other Gram negative bacteria. In the last 15 years. 
electron micrographs of sufficient resolution to permit an examina- 
tion of this question have revealed clearly that these micro-organisms 
possess a cel] wall essentially indistinguishable from that of other 
Gram negative bacteria. Studies on the surface layers of the 
vegetative cells of Cytophaga (Chondrococeus) colwnnaris (304) have 
indicated that a third, electron-dense layer exists outside the unit 


plasma membrane (Figure 7). 
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Figure 7. Diagrammatic transverse section of the surface layers 

of C.colwmaris (after Pate and Ordal 1967 b). 
Between this new layer and the tripartite wall there is a layer of 
peripheral fibres which, it is suggested, may play a role in gliding 
motility. On the very outside lies a slimy substance, probably an 
acid mucopolysaccharide. This interesting third wall layer has also 
been described in Myxocoecus xanthus (414), Stigmatella auranttaca 
(327), myxobacter N-5 (385), in the microcyst but not the vegetative 
cells of Sporocytophaga myxococcoides (166, 167) and in C. johnsonae 
(115) but not in C.mavinoflava (405). The "'extra!' layer is not 
unique to the Myxobacterales; it has also basa described for two 
species of Flexibacter (149), E.colt and Sptrillum serpens (382), 
Vitreoseilla, Simonstella, Beggtatoa, Acetobacter and Ntrtrosomonas 
species (278), It is the "solid membrane!! in VetZlonella (34), and 
the ''dense layer! of Asticacqulis (300). This electron-dense layer 


takes part in septum formation when this form of division occurs in 
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Gram negative bacteria (382). The cell wall of these gliding organ- 
isms is thus seen to be of similar morphology to several other 
flexing and non-flexing Gram negative bacteria belonging to five 
different Orders, It may be that the difference in flexibility 
resides in a difference in macromolecular arrangement not detectable 
by methods used so far, 

Copious amounts of an extracellular slime are produced 
during active growth in liquid by Sporocytophaga myxococcotdes and 
Cytophaga hutehinsonit (258). This ie found to consist of a densely 
interwoven network of filamentous material, possibly anionic hetero- 
polysaccharide, originating on the cell surface and extending far 
into the medium without any sevaxnie ia boundary. Three years before 
this observation, Follett and Webley had noted the loose, crenated, 
flexible outer membrane (cell wall) of C.jolmsonae which is external 
to the ‘amorphous! or ‘peripheral. fibril' layer. This layer may be 
very thick and slimy, with slime extruding through postulated pores 
in the outer repeal forming a slime layer comparable to the extra- 
cellular capsules of other bacteria (115). The origin of the slime 
in various fruiting myxobacteria was also found to be within the cell 
wall (342). 

As early as 1958 it was reported the M.xanthus cell walls 
had the same chemical components as those of eubacteria (196, 260). 
The wall of C.colwmaris was found to consist mainly of galactosamine 
glycan (193). Similarly the major cell wall polymer of S.myxococcotdes 
and C.hutchinsonti has been found to be a mucopeptide (410, 411, 434, 


435) with muramic acid, glucosamine, 2,6-diaminopimelic acid, 
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glutamic acid and alanine occurring as the minor constituents in the 
molar ratio J:l:l:1l:2, Other typical macromolecules which are 
prominent accessory cell wall materials in eubacteria, such as teichoic 
acids, proteins and polysaccharides were not found in these Cytophaga 
and Sporoeytophaga walls. 

Vegetative cells of Myxococceus xanthus (413, 415), 
Sttgmatella auranttiaea (327), Chondromyces apticulatus (4), C.erocatus 
(3), Sporoeytophaga myxococcoides (167),Cytophaga (Chondrococcus) 
columaris (303), Cytophaga marino flava (405) and Flextbacter species 
(149, 350) possess peripherally located granular cytoplasm and fibril- 
lar material, mostly axially situated, which are typical of bacterial 
cells. Mesosomes occur in many Gram negative Organtans (413) but in 
contrast to Gram positive species they do not seem to occur regularly 
near the division plane (112). Various types have been recognized in 
M,fulvus, M.vtrescen,s M.xanthus, C.apteulatus, C.crocatus, S.myxo-~ 
coccotdes, C.colwnnarts and C.marinoflava. Other intracytoplasmic 
membrane systems have also been observed especially in dividing cells 
and jin cells in which viruses were being formed, Ribosomal par- 
ticles or materials are reported in M,xanthus, S.auranttaca, 
S,myxococcoides, C,columnaris and in two species of Flexibacter, 
Storage materials, probably metaphosphate granules (153, 419) have 
been described in M.zanthus, S.auranttaca and S,myxocoecotdes, and 
possible polysaccharide granules in S.auranttaca, 

Curious rod-shaped particles, at first described as 


'rhapidosomes' when they were observed in Saprospira grandts (85, 244) 
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have been found in lysates from several genera of myxobacteria. 
Rhapidosomes resemble bacteriophage tails, for instance of the 
coliphage T4 (276), but are often found alone, with no phage heads, 
coats or other phage-like appendages. Reichenbach (324) came to the 
conclusion that the structures that he found in Arehangiwn vtolaceum 
were defective phage particles. So far seven phages have been demon- 
strated in Cytophaga (Chondrocoecus) colwnnaris (8, 215, 216, 237, 
209, 301, 302), oe phages or rhapidosomes have been described for 
Archangium violaceun (324), Chondrococeus coralloides (299), 
Myxococcus xanthus (59, 61, 416), ?Sorangiwn 495 (299), Sporocyto- 
phaga myxococcotdes (137, 167, 299), S.caultformis and Cytophaga 
species (137) and Cytophaga martnoflava (69, 405, 406) as well as 
in the flexibacterium Saprospira grandis (85, 244, 328). 

Rhapidosomes are channelled rods often with a contracted 
sheath and protruding core. Their size has been variously reported 
as averaging 170 A. long for S.myxococcoides (167), 920 x 240 A for 
A.vtolaceum (322), 1720 x 228 A for S.grandis (328) and 5-15000 x 
300 A for C.columnarts (299). Myxobacterial phages have been reported 
as having typical polyhedral heads and a tail encased in a contractile 
sheath and terminating in a tail plate. The sizes reported are for 
myxophage MX-I of M.xzanthus, head 750 A diameter, tail 1000 A long; 
and for myxophage C2 of C.colwnnarts, head 600 A diameter, tail 
1000 x 200 A. These double-stranded DNA phages are species-specific 
and their size, morphology, base composition (55.5% GC for M.xanthus 
myxophage MX-1), and life cycle are grossly similar to those of other 


such bacterial viruses for example the coliphage T-2 (44). 
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VI.2.2 Materials and methods 


The organism used was Cytophaga johnsonae var. denttrit- 
fteans strain Cook 405, which was grown for varying periods of time 
in 0.2% tryptone broth (see Cook's Cytophaga Agar, Table 16, page 
105 ) on a New Brunswick G-2 rotator at 100 rpm or on Skim Milk agar 
plates at room temperature (about 25°C). 

The basic procedure for the preparation of thin sections 
entailed centrifuging a one-or- two-day old culture broth for 10 
minutes at 7,000 rpm, machine in 0,1 M phosphate buffer (pH 7.2) 
and recentrifuging. A small amount of the slimy pellet was placed 
in the base of a glass vial, forming a layer 1-1.5 mm thick on the 
bottom, and fixed in 3% v/v glutaraldehyde in 0.1M phosphate buffer 
(pH 7.2) for two hours at room temperature (334). Washing in buffer 
for 3 to 48 hours (3 changes) was followed by fixing in osmium 
Pe outde (1% w/v in O.1M PO), buffer, pH 7.2) for three hours at 
room temperature. After further washing with three changes of buffer 
in 2 to 24 hours, the material was dehydrated in an alcohol series; 
70% ethyl alcohol (10 minutes), 85% (10 minutes), 98.5% (10 minutes) 
and 98.5% (20 minutes). Propylene oxide was then added for 10 min- 
utes, and fresh propylene oxide for a further 20 minutes, to which 
an equal volume of a 70:30 Epon 812 mixture (251) was subsequently 
added and mixed thoroughly. The vial was left overnight with the 
cork removed to facilitate the penetration of the Epon and the vola- 
tilization of the propylene oxide. This mixture was then substituted 


with a pure 70:30 Epon 812 mixture and heated at 60°C for 18-24 hours, 
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Sectioning was done on a Porter-Blum Mark II ultra-microtome 
with glass knives, using 10% acetone to float the sections. These 
were then supported on #200 copper grids with Formvar films, Staining 
of sections was done with 3% w/v uranyl acetate (5-10 minutes) and/or 
0.2% w/v lead citrate in 1/10 N NaOH (5-10 minutes) (331). All of 
the electron micrographs were made with a Philips EM 200 electron 
microscope. This basic procedure was variously modified during the 
course of this largely methodological study. Notably the length of 
fixation time in osmium tetroxide was increased to experimental times 
up to 24 hours, and uranyl acetate staining of the pellet was intro- 
duced immediately before the dehydration with ethanol, Problems 
were also encountered with penetration and hardening of the Epon 
blocks, and to help remedy this smaller pieces of the fixed material 
were used jin the final embedding, and also the moee were rehardened 
for a further period of up to 24 hours, 

For negative staining broth and plate cultures of various 
ages were used, Concentration of broth cultures by centrifugation 
to about 1/10 volume was found to be necessary to get an adequate 
number of bacterial celis on a grid. The grids were dried, washed 
in 0.1M phosphate buffer (pH 7.2) and stained for varying lengths 
of time with wea neutral, or basic 1% phosphotungstic acid (PTA) 
(43) or with 3% w/v uranyl acetate (170). The stain was washed off 
with distilled water and the grid dried. 

Both broth and plate cultures of various ages were used for 
Shadowed preparations, shadowing with uranium oxide was done uni- 


laterally and on a revolving turntable at a low angle (39). 
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W253, “Results 


(i) Methodological 

Penetration of the Epon resin was better when only a very 
smal] amount of cell material was used. The initial blocks made with 
glutaraldehyde and 3 hours 0s), fixation (Methods 1 and 2, see page 
146) gave sections with poor contrast, and so further blocks were 
given 6 (Method 3), 9, 12 (Method 4), or 24 hours in 0s0, respectively. 
Of these it seems that the 6 hour blocks are the best. Urany] acetate 
staining of the pellet just prior to dehydration was an improvement 
on the unstained material of course, but a longer period of staining 
would give slightly better results. Experiments with uranyl acetate 
and lead citrate staining of the mounted sections HiaWeaKed that 
about five minutes Naat to each is best for this particular 
material (Methods 2, 3 and 4). As can readily be seen from the 
photomicrographs, there are still problems with definition of cellu- 
lar structure, It may be that properties of the dense slime layer 
Surrounding these bacteria and/or reactions of the fixatives and 
stains with cellular components account for some of these problems. 
Some lead carbonate spots are also present on some sections, but the 
final technique has eliminated their production, 

In the negative staining studies some difficulty was 
experienced with ciumping of cells from the air-drying of liquid 
broth concentrates, and from the slime layers around cells from 
plate cultures. Nevertheless, some single separated cells were 


Present on all grids. Staining times necessary for the various 
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mixtures were: 


Uranyl acetate 3 mins (Method 9) 
Acid PTA 2 mins (Method 7) 
Neutral PTA 2-3 mins (Methods 5 and 6) 
Basic PTA 20-40 mins (Method 8) 


As could be expected, the four stains had different reactions with 

the cells and hence different types of information were obtained. 
Clumping of cells was also a problem in the shadowing 

experiment. The unidirectional shadowing (Method 11) gave very little 

information but the later rotating shadowing (Method 12) was more 


profitable, 


(ii) Observations on C.johnsonae 
The longitudinal (Figures 8a, 8e) and transverse (Figure 

8c) sections generally show features similar to cells of other cy to- 
phagas and. fruiting myxobacteria. In transverse section the cells 
are often slightly ovoid rather than round and their diameter is about 
0.3 to 0.4 up. This species can have quite long, thin cells but the 
longest seen in this study was just over 4 uy. The technique has not 
been refined sufficiently to allow much in the way of high resolution 
work, however some observations follow. The cells seem to be bounded 
by both outer and inner membranes, the outer being about 0.007 to 
0.02 u wide and the inner one about 0.011 to 0.015 u wide. The peri- 
pheral cytoplasmic region surrounds the inner nucleoid area, and one 
to several dense bodies (possibly storage products) were found to occur 
towards the central region of the cell (Figure 8a). Nothing that could 


be interpreted as a third inner layer of the cell wall has yet been seen, 
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Fixing and Staining Methods for Figures 8 - 14, 


10. 


b2Y 


Thin sections 
Fixed in glutaraldehyde, then in 0.0), for 3.hours, 
pellet stained with uranyl acetate, sections stained 


with-lead citrate. Figures 9c, 10c. 


Fixed in glutaraldehyde, then in 0.0) Tor’ 3 ‘hours, 
pellet stained with uranyl acetate, sections stained 
with uranyl] acetate and lead citrate. Figures 8b, f, 
Ib wane, ft, 9. Ti, yO! a. 


As above except 0.0) for 6 hours. Figures 8a, c, d, 
Ja, 10b. 


As above except 0.0), for 12 hours. Figures 8e, 9i, 
10" d¢ 

Whole cells 

Negatively stained with neutral phospho-tungstic acid 
(PTA) for 3 mins. Figures llb, c. 


Negatively stained with neutral PTA for 2 mins. 


Figures 10e, 12a, 


Negatively stained with acid PTA for 2 mins. 
Figures ile, 12b,'¢; 


Negatively stained with basic PTA for 22 mins. 
Figure lld. 


Negatively stained with uranyl acetate for 3 mins. 


Figure 13b, 


Negatively stained with uranyl acetate for 4 mins. 


Figure 13a, 
Shadowed unilaterally with uranium oxide. Figure 12d. 


Rotationally-shadowed with uranium oxide. Figures l4a, 
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a. LS cell from 1 day liquid 
culture, Method 3. x 136,000. 
b.. LS cell from 2 day liquid 
culture, showing loose cell 
wall. Method 2. x 45,600. 

e. TS cell from 1 day liquid 
culture. Method 3. x 103,000. 
d. TS cell from 1 day liquid 
culture, showing loose cel! 
wall. Method 3. x 136,000. 

e. LS dividing cell from | 
day liquid culture. Method 4. 
x 44, 800. f. TS pair of 
cells from 2 day liquid culture, 
Method 2, x 136,000. 
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The most interesting discovery was the presence of various 
membrane-bound aggregations in all of the preparations examined, The 
photomicrographs showed a mixture of two types of transverse sections, 
one in which the outer and inner membrances were in contact (Figures 
8a, 8c), and the other in which the membranes had separated and the 
inner part of the cell remained closer to one side, leaving an outer 
cavity at the other side (Figures 8b, 8d), Some cells were found 
with expanded cavities or ''vesicles'' attached (Figure 9a). Pairs 
of cells occurred with, seemingly, their outer membranes (cell walls) 
fused and inner (plasma) membranes intact (Figure 8f), and sometimes 
pairs were found within a large 'vesicle' (Figure 9b). Triplets 
were found without (Figure 9c) and with ‘vesicles' (Figure 9d). The 
most common. tetrad was square (Figure 9e), but flattened configura- 
tions occurred (Figure 9f), and. fours were also found in 'vesicles! 
(Figure 9g). A 'vesicle' containing five cells and one empty cell, 
with a couplet perhaps about to join up with the group (Figure 9h), 
and a seven-celled 'vesicle' with a couplet in close proximity (Fig- 
ure 10a) were also seen. Groups of eight (Figure 9i) and 10 cells 
(Figure 10b) within a 'vesicle' were the largest such groupings 
observed, It was noted that in most cases the cells were arranged 
in pairs within the ‘vesicle (Figures 9g, 9i), and that the cells 
were almost invariably at the edge of the 'vesicle' with at least some 
of their inner membrane closely adpressed to the outer ('vesicle') 
membrane. The continuity of this outer membrane and its separation 
from the inner one can be seen especially well in Figures 8f, 9e 


and 9h, 
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Transverse sections, 9a and zi from 1 day, 9b-h from 2 day 
liquid cultures. a, Cell with expanded vesicle. Method 
4, x 45,600. b. Two cells within vesicle. Method 2. 

x 45,600. c. Triplet. Method 1, x 45,600. d. Triplet 
within vesicle. Method 2, x 45,600. e. Quartet. Method 
2. x 45,600. f. ‘Flattened quartet'. Method 2, x 45,600, 
g. Vesicle containing 2 pairs of cells. Method 2, x 
45,600. h. Vesicle containing 6 cells (1 empty) with 
another pair perhaps about to join, Method 2. x 45,600. 
t. 4 pairs of cells within a vesicle. Method 4, x 37,800, 


Figure 10. 
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a. TS 7-celled vesicle with a pair nearby, from 2 day 
liquid culture. Method 2, x 44,800. b. TS 10-celled 
vesicle from 1 day liquid culture. Method 3. x 45,600. 
@. TS vesicle containing ‘expanded cells', from 2 day 
liquid culture, Method 1. x 45,600. d, TS 'Budded sacs! 
from ] day liquid culture, Method ho eee B00. 8, 

Neg. stained cell from 2 day plate, showing dense spots, 
Method 6, x 26,700. 


15) 

The thin sections also show other structures some of which 
may well be artefacts. These include 'vesicles' containing objects 
resembling 'expanded' cells (Figure 10c), and various miscellaneous 
'vesicles', prolongations from outer membranes, and apparently 
budded sacs (Figures 10a, 10d). 

Negative staining revealed further characteristics, but 
it is not yet known if any of these were artefacts caused by the 
method of staining. Plate cultures stained with neutral pH phospho- 
tungstic acid revealed dense spots in the cells (Figure 10e), slime 
layers around the cell (Figure 1lb), and curious small extrusions or 
filaments around the cell edge (Figure Ilc). Cells grown in liquid 
culture and similarly stained, showed many more dark spots in the 
cells, many of which seeméd to be attached to the inner surface of 
the membrane, and longer extrusions, resembling thick flagella were 
seen all around the cells (Figure 12a). When basic PTA was used a 
slightly different impression was obtained, the internal components 
being emphasized and the ‘extrusions! not apparent (Figure Ild). 
Using acidified PTA some more observations on the surface structure 
were made, A 14 cer liquid-cultured cell showed a less dense outer 
layer and a surrounding aura of material, probably slime (Figure lle). 
At 24 hours ie layer of material was again seen (Figure 12b), but 
the 68 hour cells were remarkable for the presence of short stubby 
projections (Figure 12c), about 0.066 u long and 0.03 u wide occur- 


ring at regular intervals (about 0. 11 u) all around the bacterial cell. 
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a. TS 'budded sacs' from 2 day liquid culture. Method 2. 

x 45,600. b. Neg. stained cells from 3 day plate, showing 
slime layer. Method 5. x 58,800. ec. Neg. stained cells 
from 3 day plate, showing extrusions, Method 5, x 45,600. 
d. Neg. stained cell from 24 hr. liquid culture, showing 
dense areas, Method 8, x 26,700. e, Neg. stained cell 
from 14 hr. liquid culture, showing slime layer. Method 7. 
x 26,000, 
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Figure 12. 


a. Neg. stained cell with extrusions, from 27 hr. liquid 
culture, Method 6. x 37,800. b. Neg. stained cel] showing 
Slime layer, from 24 hr. liquid culture. Method i 

x 37,800. @. Neg. stained cell with stubby projections, 
from 68 hr liquid culture. Method 7. x 45,600. dg 


UL» 


Shadowed cells from 3 day plate. Method Il. x 16,100, 
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The cells exhibited the same overall dimensions as before, the 
longest measured being 18.8 uy x 0.34 u. Negative staining with 
uranyl acetate was tried on a few liquid-cultured specimens, Where 
cells were separated from one another the stain was taken up fairly 
Seni with the production of one or more electron-dense centres 
in each cell, and an indication of a slime layer surrounding it 
(Figure 13a). In a younger population of cells which were closely 
packed in small packets across the grid, (presumably a drying phe- 
nomenon) the stain was most easily retained where two bacteria were 
in contact, and the membrane was only distinguishable here (Figure 
13b). Electron-dense bodies were again observed. 

The unidirectional shadowing with uranium oxide (Figure 
12d) did not give much information about the Cytophaga celis, this 
was therefore abandoned in favour of rotational shadowing. Further, 
the preliminary trials with plate cultures indicated that separation 
of the individual cells on the grids was impossible with the cells 
embedded in slime threads but single cells could be studied from 
liquid culture, These first efforts showed an abundance of fairly 
short rods, between 1 and 3.5u long and about 0.25u wide, in a three- 
day plate culture, 

The liquid-cultured 19 hour cells prepared by rotating the 
grids while shadowing are featured in Figures I4a and 14b. The general 
appearance of the cells indicates that one or two dense bodies exist in 
each cell, and in many cells the rounded ends are also more electron- 
dense than the rest of the cell. The cells are longer (up to 5 u long) 
than those from the plate culture, and some curious spheres occur at 


the juxtapositions of two ends of cells in some cases (Figure l4a). 
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Figure 13. a. Neg. stained cell showing dense spots and slime, from 


24 hr. liquid culture. Method 10. x 45,600. b. Neg. 
stained cells showing dense spots and membranes, from 
14 hr. liquid culture, Method 9. x 45,600, 
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Figure 14. Shadowed cells from 19 hr. liquid culture. Method 12, 
a. Cells with sphere at end. x 20,300. b. Cell with 
dense spots centrally and terminally located. x 16,100. 
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VI.2.4. Discussion 


The observations on the thin sections and whole cells 
indicate that C.johnsonae has a similar morphology and structure to 
that of the fruiting myxobacters and other Cytophaga species investi- 
gated, This is especially true in the case of the separable outer 
membrane, which bears close resemblance to that observed in Cytopnaga 
(Chondrocoeceus) ecolwmaris (303, 304) and was also seen in C.johnsonae 
by Follett and Webley (115). The dense inner bodies too have been 
frequently observed in fruiting genera and also in Cytophaga marinoflava 
(405) and C, gohnsonae (115). These have been interpreted as nuclei 
in Sorangtun (179) although this has been repudiated (236), as non- 
nuclear "unstructured inciusions'' in Chondromyces apteulatus, Myxo- 
coceus rubescens and Polyangiwn fuscun (236), and most recently as 
deposits of polyphosphates in Myxocoecus xanthus (419), Sporocyto- 
phaga myxocoecoides (167) and Sttgmatella auranttaca (327). 

The most interesting and important finding seems to be 
that of 'vesicle' formation, a hypothetical summary of which is 
given in Figure 15, Cells seem to pair up and then join in the forma- 
tion of eich wai These are composed of fused outer membranes, and 
contain the cells each surrounded by a'single (inner) membrane. Each 
of these membranes seems to be a typical ‘unit membrane! of two 
electron-opaque fine lines separated by an electron-transparent area. 
The cells were nearly always distinctly paired and very few odd 
numbers of cells were encountered in the vesicles. It is suggested 


therefore that cells join this association in pairs, and that triplets 
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Figure 15, Hypothesis of 'vesicle' formation, 


or other odd-numbered groups are artefacts of sectioning, for it is 
impossible to cut through every cell in such a three-dimensional 
object every time if they are randomly oriented, It is to be noted 
that Hendrie et al. (164) suggested that the pairing of cells in 
older cultures is very characteristic of the genus Cytophaga. It 
could also be argued that instead of the pairing hypothesized for 
these cells, they are in fact dividing into two, four, etc. with an 
incomplete division of the membranes. However no intermediate 


stages such as 
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have ever been seen, and this species usually replicates by fission 
of the shortest axis not the longest one, as is eer: most 
bacteria. Ten is the largest number of cells seen so far in one 
'vesicle'. The subsequent history of these associations is indeed 
food for speculation, as the genus Cytophaga has been classified 
largely on its apparent inability to form fruiting structures or 
microcysts. It is intended that further work will be initiated in 
this area. 

Explanations of the various other structures seen in the 
sections are more difficult. The 'vesicles' containing what appear 
to be 'expanded' cells could possibly be older cells which have 
taken on the role of slime production. Such cells have been sug- 
gested for Myxococcus alee (340). The 'vesicles' devoid of con- 
tents could well be sections through cell-containing 'vesicles' 
which by chance do not pass through any cells. The miscellaneous 
sacs and apparently budded membranous spherical bodies could be 
breakdown products upon lysis or severe change in the cells caused 
by the fixation, embedding and staining. 

The photomicrographs of the negatively stained cells agree 
extremely well with those of C.johnsonae and F.aquatile (115), 
and of C.hutchinsontt and S.myxocoecotdes (258). This is especially 
noteworthy since Follett and Webley used ammonium molybdate, Martin's 
group used sodium phosphotungstate, and acid, neutral or basic phospho- 
tungstic acid or uranyl acetate were used in this study. A slime 
layer could be readily detected in most preparations and the surface 


appeared crinkled in some, Strands and sacs, perhaps containing 
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slime, were evident along the cell edge, sometimes in a regular 
fashion and at others very irregularly. Similar extrusions have 
been seen in Myxocoecus xanthus (115, 304, 340), S.myxococcoides and 
C.hutchinsonit (258), as well as in C.gohnsonae (115) and Flexi- 
bacter FS-1 (349, 350). Up to eleven mesosome-1ike membranous 
objects were seen in neutral PTA-stained cells (Figure 12a). The 
electron-dense areas seen with neutral PTA and with uranyl acetate 
were presumed to be storage polyphosphates, 

The general image presented by the shadowed cells was of 
a highly crenated surface with irregular depressions of varying 
length and height. Follett and Webley also found this kind of sur- 
face in C.johnsonae and correlated it with the deep and irregular 
undulations of the outer membrane in their thin sections. However 
few thin sections in the present study showed cells with a wavy 
Outer membrane, most were fairly regular. The electron-dense areas 
were presumed to be polyphosphate granules again, but the curious 
spheres at the ends of two juxtaposed cells are unexplained. 

The slime or extracellular polysaccharide mentioned earlier 
was very evident in the cells of this species. With the Myxobacterales, 
the fruiting members of which have long been known to aggregate, and 
with the possibility now of a co-operative alliance between Cytophaga 
cells it is interesting to comment on the work of Kalckar (201) on 
‘cell sociology'. He has pointed out the involvement of polysaccha- 
rides jn the ‘social patterns' of cells, for example when mutations 


result in changes in extracellular polysaccharides then co-operative 
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ventures of these cells such as colony morphology are changed as 
well as such individual properties as immunological response and 
phage receptor sites. In higher organisms certain surface poly- 
saccharides seem to be important for the existence of recognition 
sites on erythrocytes. Ina study of the attachment areas of cells 
in the epidermis of developing newts (212), it was shown that acid 
mucopolysaccharides were heavily concentrated in the desmosomes, 

In view of the characters controlled by surface polysaccharides 

in general and the adhesive properties attributed to acid mucopoly- 
saccharides (specifically demonstrated in Myxococcus xanthus, 
M.fulvus and C.colwmaris (304) in particular, the possible signi- 
ficance of such extracellular substances in the myxobacteria and 


cytophagas becomes apparent. 
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CHAPTER VII 


NEW APPROACHES TO THE MORPHOLOGY OF CYTOPHAGAS 
Vit .1 COLOUR: INTRODUCTION OF THE MUNSELL SYSTEM TO BACTERIOLOGY 
Vil.tol] ‘Colour as. a taxonomic criter ton 


For years colour has been one of the first characteristics 
noted about a micro-organism, mainly because it is conspicuous, rela- 
tively constant and easy to record. Many names of taxa in current 
use spring to mind as being basedupon a colour relationship for 
instance Chromobacterium violaceum, Achromobacteraceae, Chloro- 
ehromattum and Rhodomterobtum. Myxobacteria are invariably pigmented 
and many of the genera, notably Myxococcus, Polyangtum, Angiococcus 
and Cytophaga, are classified in Bergey's Manual (42) largely on the 
basis of their pigmentation. This ease of observation has however 
led to problems where other characters have not been studied or given 
due weight. For example the genus Flavobacterium was created in 1923 
(30) not because the bacteria which were included had been studied and 
found to be a natural group, but rather because colour was very notice- 
able (427). it is obviously fallacious to assume that pigmentation 
describes a biological relationship and that differentiation may be 
based upon hue alone. 

Cowan (86) considers coiour among his 'top ten' important 
taxonomic characteristics. He notes however, that many cultural 


characteristics notably colour are subjective and are also influenced 
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by temperature, duration of incubation and the nutritional qualities 
of the medium. The colours of myxangia for example are usually inten- 
sified on richer media (187). tna study of a large number of flexi- 
bacteria isolates Lewin and Launsbery (246) concluded that colour 
was a relatively constant character, and in the course of laboratory 
subculturing for several years, they did not observe any case of a 
major change in the general colour of any strain, Cohen (74) is more 
conservative but concedes that colour may be taxonomically valuable 
in some instances as in spore colour of the Myxomycetes, and can be 
used with discretion. 

Since superficially similar colony colour may be due to the 
presence of different compounds, it is essential to know the type of 
pigment present as well as its colour in any definitive study. Pig- 
mentation has proven bated value when the chemistry is known for 
example in the work on photosynthetic bacteria by Jensen (189) and 
on Gram positive carotenoid-producers (428), Chemical characteriza- 
tion may even show species or generic specificity in certain cases 
for instance in Xanthomonas (380). However, many colours and individ- 
ual pigments are widely distributed among bacteria, tne ability to 
produce yellow or orange pigments for example is very common, and 
carotenoids alone have been described from 12 different families (164). 

The non-diffusible pigments of myxobacteria are red, orange, 
yellow, cream or sometimes green. Jahn (186) suggested that these 
were carotenoids, and subsequent analyses have confirmed this in 
Mysxococcus xanthus (60, 62, 63, 145, 146), M.fulvus (145, 146, 325), 


M.vtreseens (145, 146, 147), Polyangiwn sp. (219), Sorangtun 


site 


“meri yi imsian ie ‘olin on or bs 
“inst?” Lv sea merits 40 Siuid Sal 
auoled tads rebut ave), : | | 
v104) pods! jo gered ort nt bie ‘absshiote 3 rd hod 3 

s 40 9289 ne avisede tan ‘nib yoda ange yi | 


rom et MET) malo’ enka yaa Semone! Lon ja 


nd faba a | 
va ee he 2 


etd ea Me ed gene prom ve pest walla: J aha oP en 8 M4: ah 
te oo 0. ih woruk a Yo} ancens. el at) Leaman wl 
4) 54. ees ov loti tab) (ne: ali woke. a {low ge” ) 
Hor wens 2h eset nia) ott} nade ontoy med navong 
uha’ (81), Heche ve el yszoed, ois ay Vo 
~ ni) ad ocr ng Tet" "(060 aout ‘gtay . 
gaa nigere ar Wilt tvanqe ot, aioe ben reve e si 
~b i vtbiot bind etholes, yixeorer evel jy totit) pein fas aim 
aed yatta arid) eatvoaond boi ‘pagudd iat bir anata 
bak herds voy al a linexe “0 anni igi if 
(HOA) ‘api Vimek snanet hit St: WoNt” bedi ratet seit Nit 
iogaa bey Ais ‘eiadoadonin te rosy aah at 1 » 
‘pedal otaeeipue (381): vee” “aya rs 
we anny boon Yo over neey tenn: om 
est ame, aie sah via baie oe a a 


164 


cellulosun (329), S.compostitin (221), Stigmatella auranttaca (218, 220), 
Cytophaga aurantiaeca, C.latercula, C.psyehrophila and also in the 
flexibacterium F.roseolus (246). DBiffusible dark brown pigments, 
probably melanin-like (385), are also known for example in Archangium 
violaceun (323), Cytophaga krzemientewskae (375), C.succtntcans (385), 
and in numerous unidentified strains (83). Woods in 1948 (437) and 
later Greene and Leadbetter (146, 147) reported that the nature of 
the pigmentation in Myxocoeeus was a function of whether the cells 
were grown in the fight or dark. This photo-induction of carotenoids 
is probably a generalized phenomenon (20). The carotenoids of 
Myxococeus xantius have been shown to serve a photo-protective func- 
tion (60, 62, 63) as originally described by Stajyier's group for the 
Athiorhodaceae (354). 

Even though precise characterization of pigments is now 
being undertaken, it is nevertheless inevitable that routine descrip- 
tions of bacterial colonies will include their coiour, and this would 
be better designated in a more objective manner than is used at 
present. After all, there are a limited number of names that can be 
applied to colours, and these are subjective and apt to change with 
the times. Hence the introduction of a qualitative descriptive 
system to bacteriology is long overdue, 

Such a system was developed by Munsell in 1915 (277) and 
has found uses in such widely diverse fields as textiles, soil pro- 
files, plant nutrient deficiencies and packaged meat (Jane tThe 


Munsell numerical code is simple and has the added advantage that 
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difficulties in translation into other languages such as occur with 
the nuances of word meanings will never occur, Visual comparison 
of the sample is made against Munsell colour chips (glossy or matte 
finish) under standard illumination. The Munsell system of colour 
notation identifies colour in terms of three attributes, hue, value 
and chroma in that order. The notation for a typical cytophaga for 
example, 7.5 YR 7/10 specifies the hue 7.5 Yellow Red which is one 
of the intermediate steps between Red and Yellow Red, the value 7 on 
the scale of lightness and darkness where 0 is Black and 10 is White, 
and 10 9n the level of chroma, where the chroma or intensity of the 
colour increases from 0 (neutral) to 16 or 18 depending on the hue. 
Figure 16 illustrates a range of hues of constant value and chroma, 
and Figure 17 will serve as an example of the variation in value 


and chroma for the hue 7.5 YR. 


Vil.t.2 Method 


A selection of different strains of cytophagas, flexi- 
bacteria and flavobacteria were grown on a variety of agar media 
(see Chapter VII!), and incubated at 25°C for various lengths of 
time. Several repeat plates were done at different times to assess 
the reproducibility of the results. Standard mounds of bacterial 
cells for comparison with the reference colours were made as follows. 
The total surface growth of the bacterial colony was scraped up with 
a loop and mixed well on the agar surface, A blob was then trans- 
ferred to a flat white porcelain plate (the edge of a spot-plate is 


ideal), and quickly shaped into a mound 1-1.5 mm high with a flat 
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Figure 16. Munsell colour chips of value 6 and chroma 10 through the 
hue range.2.5 YR to 10Y. Note: the exact colours do not 
reproduce at all well photographically, and this is meant 
as a general example only. 
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surface of at least four square millimetres, Comparison with glossy 
finish Munsell colour chips (277) under standard j]lumination was 


done immediately to forestall colour changes which occur on drying. 


VI1.1.3 Results and discussion 


A quite acceptable slight variation in colour was shown on 
the replicate plates produced at different times and read at differ- 
ent ages. A selection SF examples from Skim Acetate agar and Cook's 
Cytophaga agar (71) appears in Tables 30 and 31 respectively. A wider 
range was expected in the organisms 2, D, 6 and 4541 which consti- 
tute a new Cytophaga species, C.brunescens (see Chapter VIII) and 
characteristically produce a brown to black water soluble pigment at 
different ages on different media. 

The colours produced by the organisms on six media differ- 
ing in nutritional complexity (Table 32) showed more variation of 
course, The average range of colour was 2.5 or 5 units of hue, one 
unit of value and about four of chroma. The organism Flextibacter 
FS-1 will serve as an example of an average variation, it shows the 
following range 5 to 7.5 YR 5 to 6/8 to 12. Some organisms had a 
quite narrow range, for instance Flavobacteriun restnovorum NCIB 
8767 with a range of 7.5 YR 5 to 6/10 to.i2 on these six media, 
Cyutophaga joknsonae ATCC 17061, however, was observed to have a 
very wide variation in colour depending on the nutritional quality of 


the supporting medium, its range was 2.5 YR to 2.5 Y 4 to 7/19. 
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Table 30 


Munsell colours on Skim Acetate Agar 
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Table 3] 


Munsell colours on Cook's Cytephaga Agar 


anism {see 
Organism (see Colours at 5 to 8 days 


Jo ate i) ms All from different plates rn 
Yellow 
NCIB 8186 5 Vals. Tee X 7.5/4 =F25-Y_8/8 
NCI8 8187 BY 7/6 Bry 95.5/6 jap Xe] /8 
NCIB 8535 Byeoys/oee Sey B/G | we 7.5 "7/8 
4553 (i) 5 Y 7/4 5 Y 7/h 2.5 Y 6.5/4 
Yellow and yellow-orange 
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HO-1A Tah oth 6/ ih) = 7 #5 NR. 6/12. 92.5. Y.7/10 
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4433 PS YR 26/80 | 10 YR 6/10 D5. 807 LO 
4539 7.5 YR 6/10 ~9'¥R 6/8 10 YR 6/10 
4707 10 YR 6/10 10 yR 7710 EL T/A 
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fem M  Y - 
ri a a "8 ‘1% “zest 

z =e seayett is wart LIA 

wont tte CEES ie _ 


fu | 


BABY ant! ANGRY a es 
aC Yat Gabe ee) | or eee, ah oe. pa: 
Ce ae eee a ee 
AR 8 8s ye BRT NN oe Ears we oe 


yi? 


OFC AY OF DENS AY 2,5 BNE AY Ma. nia is 


OPXy av. 2,0 OFM AY Beh ee # 
opm Ay 20%. GEN RAN ORR ge 


Ora WY Of  OFNS AY SY oe Ca. ae ee 
cise ay @.0 . OF\8 RN BINS a Bt Agate 
BINT. Yes SHS\Qa¥ 2 ‘ ARE ene 
che AYO}. SOR, OLN ay, Cia 
OEY eS Dt, RENAE BM Lhe pe a 
eo a Se 
DINE Foe: VON OE DIN: ay at bss ve 
Onn ay GL NA CORRE illo 0 
SAND I Re NR AY ee SRR Ell cg! 
gta) way 01 By @,S- SINS AS 
WK “ite a ek ne eR) 
QV Sa eNO ial a Sb ay fo ee 
wye any es “3 aww! ¥ aus Bh eans. ) 
ana, ~@E : 2M ¥20' ONY Aye) ea 
Ce ee Rua 
ae oe MRR 5 bed a AY, 


Ts nit ox tt 
ING FS oo) ‘ 


r lh Fi 
ae yee 
i pee | 
sak 4 
{hice ie 
S as a 
ss ; Ae 


170 


skep of 3e 
peas JUNO) |ie[g pue sze,od.y wiyxs Sebeydo,Ay $,y3009 fsdep 4] We 


pest ysea, tstkep 9 32 


pes4u uleseg tshep 9g je 


peds 2De1}xKe YSeaA + BSODN[H + S21 eS 


‘ 


S64 
[-1V 


weo4) 


g 


uMOig 
Qiu 
S8lgQ @19N 


pot-abuelg 
0676 SION 
7663 GIIN 
L9LQ8 9I19N 
Z8ZOL ALIN 
t=G4 
6506 13N 
S04 
L90ZL 99LV 
SDUPIO-MO] 12A 
7Z€6 GION 


88l8 alIN 


MO|[ [9A 


(LEIA aeqaaey9 
ly OL gey 


4/S A S°Z 9/L A GZ 9/9 ’ S°Z 9/S°9 A SZ 9/9 A S°Z 
9/9 KS W/L A'S H/S KS Z B/S kG Hf SUK Ss H/L AS 
H/E A S°Z 9/4 A G°Z 9/4  S°Z 9/7 YA Ol 9/4 k GS°Z 
ZL/S YA S°Z OL/S YA S°Z ZL/S YA SG ZL/9 YA GS°Z OL/S YA 4 OL/S YA S 
OL/S°S YA GS OL/9 YA S ZL/S YA S°Z ZL/9 YA S 01/9 YA S°Z ZL/S UY Ol 
7/9 YA OL 9/L YA Ol 9/S°9 YA OL H/L YA Ol W/L AS‘ 9/L YA Ol 
G/2 YA Ol OL AS’ Z 01/9 YA OL CL/9 WA GEL 9/L A G°Z g/L A SZ 
OL/S YA S°ZL 01/9 YA S°L Z1/9 YA S*L OL/9 YA G°L OL/9 UA,S°L (OL/9 HA GOL 
Zt/9 YA SL 71/9 YA OL 71/9 YA OL OL/9 YA OL 01/9 ABS ~ (OL/S BA SSL 
OL/S YA S OL/S YA G°L Ol/S YA G°Z ZL/S YA S 01/9 YA S°L 8/5 MA SL 
OL/S YA S OLAP MA. 5° S Z1/5 YA S cise SA S°Z Ol1/Z YA OL 
8/5 YA SL 9/9 4A Ol 8/9 YA OL 2/9 YA Ol O1/2 YA Ol 
Ol/4 YA S°Z OL/S°h BS*Z Ol/4 YA S°Z OL/S YA S OD/7 BS" tT Oso BK Ge / 
9/S°9 #S°Z% g/L A 9 S/S°9 AS Cfs. 8A 5 G/L AS 9/8 A 6 
BS/L AS B/L AG 8/9 AG O1/g A 9 HW/S°L AGL po a ecto 2 
a a i sg Pe ag ME ge ee 
qunos ses, ulasey aye soy eBeudoyzA9y JA + °MLY 
e1eld WIS S$, 009 + S21 eS 


pow JUS49441p a 


at 


uo S4nojod 


ee 


‘Lesuny 


£60, 91 Ge) 


es) ws!uebig 


ened ¥ as 
oe ast 
- o1 weay2.s 
wre at 2.5 
fia a¥ OF 
re a7 z4 
“=gt8t YA.5 


ane ay 2, 
shh mes * 
ote EET / 


Re Rt 


ay 5 ' 


ONNe.2 f¥ 
Si\2 We. 


- 


cd 


cy 


“O\t ay.or 


ake av 2 
ae we AY eS 


axe ¥ 2.8: 


* aye a¥ Or 
~ “sey S 
one aS 
StS AY af, 

TNS RY 2.5. 
; oiXs nY¥ or 
B28 as. 03 


Siz ny <.5 


dns ay 28 - 


ya, oerve 


e.8 ¥ aK 


alse ne 
a # ca 
ras 
oe RY  - 
OF\a RY tie 


OTe AY 2. 


ord ART 
ay att. 


stb av 2 


si\e a¥ e 


> 
ay 
<< i cal e 
Ow 2.5 
t 4 = 0 
P\c. I-24 
=e = 
ah > 
FAS — 
ming ~=l yO? ¥ 


> 


$14 wy 2,4 


a¥ Of 


gee ay EE 


ET ¥ 25. 
" ay id = 
At are cM 
re AY Of 
or ay a 

DNS REE 
oe ef 

“SPS ay 2.5 
Wr v2.58 
WE ¥2.8— 


. 


one wa 


EVES 


“ones ww ren 


Ba fy oy 
G1\2 8¥ 2.8 
Oe AY 2.4 
Oy. ¥ 2.8 
= 9 AOE 


$t\e A Ol 
ore AY 2. 


ALY < 


be gw 


=] O63") nise2s9 


“S6y01 819M : 
vats Bt 


seceY + seoouls + site 


ssvab @ J& 


oe} 


Although there were no outstanding general colour shifts with an 
increase in nutrient level, there was a tendency for the organisms 
to become less yellow and more red, and for them to produce a darker 
pigmentation. In other words the hue sometimes shifted from say 
7.5 Y to 5 Y or from a Y hue to a YR hue, and the value often dropped 
by one or two units. The chroma showed no genera] tendency to change 
with nutrient concentration. 

In the taxonomic study of a large number of cytophagas, 
Flavobacterta and similar organisms (Chapter VIIi) colours were 


observed on Skim Acetate Agar in the various groups as follows, 


Spreading yellow and orange cytophagas and Flextbacter FS~| 


19 strains 


Range: 5-10 YR 4-7/8-12 and 2.5 Y 6-7/810 
This is comprised of the following individual colours, 
5.YR 4/9, SAlOe S72, 5.5/10; 6/10 and 6/12 
735 YR 5/10, 76/8, 6/102 6/12,/9/% GS aad Wyo 
10 YR 6/8, 6/10, 6/12, 7/8 and 7/10 
2.5 Y 6/10 and 7/8 


Non=spreading yellow-orange cytophagas 
3 strains 
Range: 2.5+7.5 YR 5-6/10-12 


Individual colours: 2.5 YR 6/12 
5 YR 5/12 and 5.5/10 
7.5 YR 6/10 and 6/12 
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Whitish spreading cytophaga (Flextbaeter canadensts) 


] strain 

Range: 10 YR 7-8/2 and 2.5 Y 7-8/2 
Individual colours: 10 YR 7/2 and 8/2 
2.5 YO 7/2: and 8/2 


Brown spreading cytophagas (C. brunescens) 


4 strains 
Range: 7.5 - 10 YR 3-5/4-10 and 2.5-5 Y 2-4,5/2-6 
Individual colours: 7.5 YR 4/8 and 5/8 


10 YR 3/4, 3/6, 4/6, 5/8 and 5/10 


2.5 Y 4.5/6 
5°Y 2/2-and 3/4 


'495 group'of cytophagas (Lysobacter enzumogenes) 


34 strains having two colour variants 


Range: 6-10 YR 5.5-7/5-8 and 2.5-7.5 Y 6-8/2-6 
Individual colours: 6 YR 7/4 
7.5. ¥R 5.5/6, 6/6 and 6/7 
8.5 YR 6/6 
9 YR 6/6 
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ELOUOb deena. 
16 strains 

Range: 10 R 5/8, 2.5-10 YR 4-7/4-12 and 2.5-7.5 Y 6-8.5/2-10 
Individual colours: 10R 5/8 

2.5 YR 4/10 and 4/12 

5 YR 5/10, 5/12 and 6/12 

7.5 YR 6/10 and 6/12 

10 YR 7/4 

2.5%. (76, 7/8 and 7/10 

5 Y 6/10, 7/6, 7/8, 7/10, 8/8 and 8/10 

6 Y 8/10 

Pie 25 Gen) lO wapd .6..5/.2 


In the study of arctic cytophagas (Chapter V) the following colours 
were observed on Skim Milk Agar in the two groups. 


Spreading arcu cytophagas 
29 strains 


Range: 7.5-10 YR 6-7/8-12 
Individual colours: 7.5 YR 6/8,. 6/10, 7/8 and 7/10 
10 YR 6/10, 6/12, 7/8 and 7/10 


Non-spreading arctic cytophagas 


22 strains 
Range: 7.5-10 YR 6-7/10-12 and 2.5 Y 7/10 
Individual colours: 7.5 YR 6/10 and 6/12 
10 YR 6/10, 6/12, 7/10 and 7/12 
255° 7710 


The general colour range for the typical yellow-orange 
spreading cytophagas (5-10 YR 4-7/8-12 and 2.5 Y 6-7/8-10) and non- 
spreading cytophagas (2.5 - 10 YR 5-7/10-12 and 2.5 Y 7/10) are 
very similar, The spreading forms are generally yellower, darker and 


of more intense colouration, that is they have a narrower hue range 
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especially in the redder hues, and narrower value and chroma ranges 
in the lighter and more intense regions respectively. It is to be 
emphasized that the spreading mode of growth should not affect these 
results directly because of the standard method of preparing bacterial 
mounds for colour observations, Nevertheless there could be indirect 
effects if,say, the spreading organisms produced more slime material 
which diluted the colour for iis Gatied, After examining about 120 
strains of these organisms including C.johnsonae, C.johnsonae var, 
denttrifteans, (.hutchinsonit and C.succinteans it is proposed 
that the cojour range 

2.5-10 YR 4-7/8-12 and 2.5 Y 6-7/8-10 
is characteristic of most soil and freshwater cytophagas. There are 
other species with different colours however, and examples studied 
here are the organisms producing a brown water-soluble pigment 
C.brunescens, the whitish strain 9D Flextbacter ecanadensts, and the 
cream ''495 group!'' L.enzymogenes (Chapter VIII). The very wide range 
of colours exhibited by the Flextbacterta species from pure red, 
through all the yellow-reds and most of the yellow hues as well, only 
emphasizes the heterogeneous nature of this genus as presently 
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VII.2. SPREADING: TOWARDS A DEFINITION 
Vlti.2.1 The swarming phenomenon 


The typical spreading growth of the myxobacteria, including 
the cytophagas, takes the form of a thin film extending rapidly over 
the surface of the agar from the site of inoculation. Some strains 
will cover the surface of a 9cm petri plate in a few days froma 
central inoculum, Delayed spreading occurs with some cultures, out- 
growths suddenly appearing after a week or more of incubation (164), 
The very thin layer of cells, which is easily detected in reflected 
light, has been called a swarm (186), a ''moiré!' (367) and also a 
pseudoplasmodium (393). The latter term is an undesirable one since 
it suggests a connection with the myxomycetes, and more particularly 
with the Acrasieae, to which the myxobacteria are not even remotely 
related (373). 

Stanier (370) introduced the following method for observing 
the development of myxobacterial swarms, A thin layer of agar is 
spread on a sterile cover slip, allowed to solidify and subsequently 
inoculated with a mass of young cells from the Bip of a needle. 

The coverslip is then mounted over a moist chamber, incubated at a 
suitable temperature, and examined microscopically at intervals. 
Within one or two hours the first changes along the periphery of the 
artificial colony generally become evident, At many points groups 

of cells begin to move out; when the columns become longer they 
branch, fuse and interlace with one another so that the edge consists 


entirely of tongue-like extensions and isolated islands of actively 
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motile cells. The extension of a cytophaga colony is thus not a 
passive matter of cell growth and division as in the eubacteria, but 
rather the result of the active gliding motility of non~flagellated 
cells that move in large masses across the agar surface. The moving 
cells may pave the substrate with a layer of slime ahead of the cell 
mass (unpublished resuits; 375), however Stanier has also suggested 
that inability to swarm in certain Cytophaga strains is probably due 
to the copious synthesis of a microbial gum (373). 

The rate of movement varies considerably and the factors 
controlling this are unknown. Groups of cells moving vigorously may 
suddenly slow up and stop whilst others will as suddenly start creep- 
ing across the agar. The fastest rate measured has been that of 
C.krzemtentewskae at 15 u/min, although this species averages five 
to six up per minute. As well as the generally forward gliding move- 
ment, actively motile cells show rapid fiexing movements 
(''Krummungsbewegungen''), These have also been referred to as 
"twitching" or ''jerking'' (240) and are probably faster than the flex- 
ing or bending described for many other flexibacteria. Rapid flexing 
movements are sometimes caused by collision with say a neighbouring 
non-motile cell, but mostly seem to be spontaneous. Since only a 
small minority of cells in a moving mass exhibit them they are evidently 
not causally related to the forward movement. They occur in young, 
healthy cells under normal conditions and so it is unlikely that they 
are pathological in nature as was suggested by Stapp and Bortels 


(378). 


ml Se Me ial) 
“6 ta suds ek yi og pelt ees al 
jud pol yesandis salad nite note! vib ee 
baral lope Dennen | a se tom valbite - vite ™ 
emivem ‘eA ogre: oe iy ReONIB. 
liso eae %o bese ani fe te ‘ent ¢ iF 1 as : 
-poxzegpur oale. eer No. ines ovawor! (QU v8 er 
pub’ yidedorg 21 -eni gras eymigad ud’ prervom pit uf ~! 
| .£ESE) op ,botiiooio wy phe 


1 4 
mo ewe Vim 


e1g26} why bee Viderebigamar20tan! vom 
yen y{muotmoly pri vom at 99! te equord silo 
99943 17g3 a vinbboe 26 i thw ane’ daubrw neat 9 " 
40) Sard naed "eer dvasame agen depen aft: 


awh? peaeneve oe ta ; 


oe Ve agin 
Dy nit AUTEN F a 4 
i 1 4 


wx ekg nil porn 
pote! bist am 


é Snood. peeserincne »0 “oh ame all 
yiineblvejs76 pas pogt ign aun niyo a at Spe 
ARDY, nf) napag Rant Agenpvent vena 
vars atts sitesi tie efa3 aa ibn daha 
- ar vi beseoeell 


yy ‘eh a , OF...) ci 
j ee Pi a 
Dh jae aan he ri f 
# ine t ' 
oy ee wt i, | 
oa 7 : eis Vl i ate | 
t ¥ i 7 i y ei 
rd mat Fj Nal 


e 
ao Ay }) on - 
i 7 Ai a 
ey 
i ~~) Oe ide D Ts 


177 


There is an apparent co-ordination between the different 
cells in a swarm, The slime is the only physical connection observed 
between the cells, a!though membranous vesicles have now also been 
described (Chapter V!). The direction and speed of movement of a 
few cells at the apex of a moving column control the activities of 
a large number of following cells, Single, isolated cells are very 
rarely motile; the unit of effective movement seems to consist of 
20 to 30 cells (370). The obvious advantage of this type of movement 
is that the cells are not confined to a small area where the food 
supply is rapidly used up. This may be especially important to a 
group of bacteria which depend largely on macromolecules insoluble 
in aqueous solutions and dinreroa to need close physical contact 
in order that these materials may be enzymologically solubilized (436). 

Although swarming is so marked in some Cytophaga strains as 
to constitute a cultural nuisance, it cannot be demonstrated at al] 
in others thought to belong to this genus from other evidence, Some 
fruiters and cytophagas spread through the agar ge! rather than on 
the surface (164), and this is generally true of many other species 
of these organisms at agar concentrations of one per cent or less 
(408). Some cellulolytic species, for example C.hutehinsentt and 
C.rubra have been shown not to swarm when grown on salts - glucose 
agar (373), and certain agarolytic and cellulolytic forms produce 
colonial variants that never show swarming motility (14, 373, 408). 
These exceptions must be borne in mind when considering studies that 
have excluded organisms which failed to swarm on a certain medium, 


for instance that of Lewin and Lounsbery (246) who used a screening 
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‘medium composed of 0,024 tryptone, 1% agar and0,001% actidione, 

Conversely, both Hayes (162) and Dworkin (100) have stated 
that swarming need not be restricted to the myxobacteria and cyto- 
phagas. This does not only apply to certain alleged Flavobacterta, 
F.aquatile and F.heparinun for example (275), which are most probably 
mis~classified cytophagas (see pages 66 and 243) but also to various 
members of the Cyanophyceae, Beggiatoaceae and Vitreoscillaceae, 
and to other species such as Froteus vulgaris, P.mirabtlis, Ltngel- 
sheimta anitrata and afiagellate variants of Pseudomonas fluorescens. 
One cannot even reliably distinguish between the genera Cytopnaga 
and Fiavobactertum on the basis of spreading, as the following example 
will demonstrate, Following an Adansonian study of yellow pigmented 
rods Floodgate and Hayes (113) assigned one group to Cytophaga on the 
basis of swarming movement, and a second non~swarming group to Flavo- 
bacteriwn. Further investigation indicated that the non-swarming 
strains were more probably related to Cytophaga (93), the likely 
identity of the other group still remains in doubt (275). 

The composition of the medium is critical for demonstration 
of the phenomenon of swarining. The first requirement is a solid sur- 
face upon which to giide (370), in soft agar (1% or less) the cells 
tend to penetrate into the agar and surface spreading is greatly 
retarded (409). !t is generally agreed that swarming is best observed 
on freshly prepared, moist media containing smal] concentrations of 
nutrients. Dworkin in fact has suggested using a non-nutrient medium 


(101), but Hayes (162) demonstrated that if the peptone concentration 
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was decreased sufficiently (0.01%) then growth was inhibited and 
swarming could not be observed, 

In 1947 Stanier's work with the chitinovorous cytophagas 
showed that swarming could be partially controlled by varying the agar 
concentration, He found that 1.5 to 2% agar resulted in the best 
expression of the spreading habit; Hayes (162) also used this range 
of concentration, but Hendrie (164) found that 0.8% agar was best 
FOR their isolates. Stanier (3/4) has noted that 4 1% agar gel 
facilitates the separation and purification of cytophagas as these 
can spread down and through the agar away from contaminating bacteria 
which, even if flagellated, cannot move through a 1% agar gel unless 
possessing the ability to liquefy agar. 

At a peptone concentration of 1% or over the majority of 
the cytophagas tested (162, 374) form a compact, raised colony with 
an entire edge such as is typical of many eubacteria. As the peptone 
concentration is dropped below 1% swarming becomes more and more evi- 
dent. Both Stanier (374) and Hayes (162) observed that many isolates 
produced ‘intermediate’ colonies which had raised centres and flat- 
tened peripheries but did not exhibit true swarming. At peptone 
levels of about 0.25% completely flat, rapidly spreading, almost 
invisible swarms are produced, At the lowest peptone concentrations 
used by Hayes swarming was less in evidence, the colonies being 
minute because of the extreme lack of available nutrients. Upon 
microscopic examination of cells from colonies grown on high nutrient 


and low nutrient 1.5% agar media, both Hayes and Stanier observed 
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that gliding and flexing were manifested only by the latter cells, 
Thus a gradation in motility corresponding to the colony form is 
suggested, confirming that gliding motility is characterized macro- 
scopically by spreading growth of the colony. 

Colony structure in these organisms is therefore not fixed, 
but can be changed at will by varying the nutrient concentration, 
Some unusual procedures have been successful in causing certain organ- 
isms to exhibit a spreading form of growth, for example, prolonged 
incubation at 15°C was useful in the case of Flavobactertum aquatile 
NCIB 8694, and F.heparinun NCIB 9290 was grown on a medium contain- 
ing yeast RNA as the major nutrient (275). Both of these strains 
appear to belong to Cytophaga but form discrete colonies under most 
cultural conditions, In the work of Schmidt, Gaydos and Jeffries 
(339), two non-swarming colonies of Proteus mirabilis grown next to 
One another sometimes resulted in one or both colonies developing a 
typical swarm. The authors suggested that the failure to swarm 
derives from the inability to produce some metabolite. Such a sub- 


stance, when supplied by the adjacent colony,may induce swarming. 


VII.2.2 Introduction to the present investigation 


The fruiting myxobacteria, probably because they were first 
described by botanists, have traditionally been classified on their 
morphology and colour (42), although the recent detailed work by 
McCurdy (265, 266, 267, 268, 269) has now put their classification 
on a sounder basis by including physiological characteristics as 


well. In contrast the cytophagas were first described by bacteriologists 
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and their classification reflects this; in Bergey's Manual (42) they 
are differentiated on the basis of habitat, polysaccharides degraded 
and colour, 

Although they do not form interesting fruiting structures of 
defined shape, they nevertheless show very characteristic spreading 
patterns on different media, Three major colony forms have been 
recognized, but all kinds of variations within and Peet these types 
are immediately obvious. The present investigation has attempted to 
define this morphology in codified form, Using this code, the author 
then tried to resolve the problem of distinguishing cytophagas from 
non-cytophagas by the possession of spreading ability in the follow- 
ing ways. In order to be able to recognize those cytophagas which 
do not spread on Cook's Cytophaga Agar, which is the medium recom- 
mended to demonstrate spreading behaviour (78), the proportions of 
the constituents were varied in an attempt to find a better formula- 
tion. The influence of the concentration of agar and of tryptone 
on various morphological parameters of spreading colonies was 
examined in some detail. Also, tests were carried out on various 
Cytophaga-like strains and on certain Flavobaeterta to discover whether 
they were able to swarm on these nutritionally varied media, An exper- 
iment was undertaken to examine the difference in spreading achieved 
on routine agar plates with dry surfaces, and on fresh, moist plates 
of identical nutrient and agar composition. Conditions leading to the 
production of subsurface growth, that is spreading through the agar 
rather than on its surface, were studied as well, A discussion leading 


towards a definition of the term 'spreading' concludes the investigation. 
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Vil.2.3. Materials and methods 


The following organisms, grouped according to their custom- 
ary behaviour on Cook's Cytophaga Agar, were used for all of the 


experiments. 


"Spreaders: Cutophaga johnsonae var. denttriftcans 405 
’ 


4539, 4433, 4707, BRYANT, Al5, B-2-25, 
Soleo Ort 5 9D, 25 0g 104, 4541 and 


Flavobactertun peetinovorwn NCIB 9059, 


"Intermediates": (wide mucilaginous growth, sometimes with 


a very narrow spreading edge): 13B, 495. 
"'Non-spreaders": 18H, 150, F. esteroaromaticewn NCIB 8186, 
F.flavescens NCIB 8187 and F.aquatile 
NCIB 8535. 
Further organisms were also used in the dry v. moist experiment, 
as indicated in Table 37. Isolation, characteristics and other 
taxonomic information about these organisms can be found in Chapter 
Vik, 

Twenty-four different variations of the formula of Cook's 
Cytophaga Agar (0.2% tryptone in 1.0% agar) were used for this series 
of experiments, with the concentration of tryptone ranging from 0,05 
to 2%, and that of the agar ranging from 0.75 to 2% (Table 33). While 
preparing the spreading code, nine modifications of Skim Acetate Agar 
(routinely 0.5% skim milk powder, 0.05% yeast extract, 0.02% sodium 
acetate and 1.5% agar) were also used, vitith the skim milk at levels 
of.0.1%,00.5%-and, 130%, and) the agar at 0.75%, 1.0% and 1.5%. 


Active cultures were streaked in one straignt line down the centre 
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of the dried surface of the plates and incubated at 25°C for six days. 
On the second and sixth days the growth codes were assessed on Cook's 
Cytophaga Agar; measurements on Skim Acetate plates were made at four 


days. 
VII.2.4 Results and discussion 


Development of growth code 

The growth of a cytophaga ‘streak colony! can be divided into 
three areas, the central portion around the initial streak which is 
usually the thickest, the intermediate portions on each side which are 
usually thinner and wider, and the outermost, very thin, flat, spread- 
ing edge or ''fringe'' as it is called here, These colonies are often 
difficult to photograph successfully, both because of their shiny 
appearance and because reflected light is needed to observe the fringe. 
A code to describe the many variations of the spreading form was there- 
fore developed through a number of stages, the final form is basically 
a four-digit code with a small, variable number of suffixes. The code 
for C.johnsonae var. denttrificans 405 on routine Skim Acetate Agar 
after two days growth at 25°C, 

Pic 58a ew 

will serve as an example (Figure 18). The first digit, a Roman 
numeral, describes the width of the fringe, in this case an average 
one for a cytophaga, measuring between 0.5 and 2,0 mm, The second 
digit, an upper case letter of the alphabet, describes the total 


width of growth, here it is between eight and 12mm, 
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Growth forms and growth codes 


Figure 18. C.johnsonae var. denitritfteans strain Cook 405, 
and 18H on Skim Acetate Agar after two days at 25°C, 


Growth codes: 405 = II! C 53 Bw 
18H = 1A] 


Figure 19. E.colt, S.marcescens and B.subtilis grown on Difco 
Plate Count Agar (upper row) and on Cook's Cytophaga Agar 
(lower row) at 25°C for three days. The growth 
codes are all 1 A 1 


4 m, vy : a. ; « 's 7 af So, A 
t 1 ea ane SH Oa eee 
eee ms 
7 : t ; : ew : yy = 
ap ys ema hoo ad Ama Wad 
E ee “é: af , .Y ae ‘ : 
Bs rv a 
: MS ee Ge ea a Pit, . is : oe, 
“® f dood niente semeow — Fa TEM aphosie ot 4% a api 
a o eveb Owd Veahé 4 sak sdeseoh amt 2 re 2 Me HOT bas eer : 
ne =? pet Sg ae 
> ot 4 £2), 4 ae, - aah, pba: stoware vege 


1 ae vie ? 
, ie 
gee ayia rye jer ie 
fo ON f 

af 


ootld io ower shied 
6 cA. speriqosy?” 2'wod pee 
| ated ont 


185 
The third digit is an Arabic number indicating the growth form which 
in the example is thin and transparent, with a plain central zone 
(Code 5) and an intermediate zone composed entirely of large 'fingers' 
from the centra! zone (Code 3). The fourth digit, a iower case Greek 
letter, describes the comparative width of the central zone and the 
growth on one side of it, in this case these two areas are of approx- 
imately the same width. Suffixes are lower case letters indicating 
special features which tend to occur irregularly along the length of 
growth, and which have not been dealt with in the preceding part of 
the code. In the example above the edge of the growth was a wavy 
line, not a more or less straight one, 

An example of a nonspreading organism 18H on the same medium 
and under the same conditions, 

LAG 
will show (Figure 18), that the code indicates no fringe (Code 1), a 
width up to five mm (Code A) and one simpie, thick, opaque zone of 
growth (Code 1). No further digits were required for this simple 
growth form, 

Figure 19 indicates that several common bacteria also have 
simple | A 1 growth codes. The organisms Z,colt, S.marcescens and 
B.subttlis were grown for three days on Difco Plate Count Agar, and 
on Cook's Cytophaga Agar at 25°C. The growth code is explained in 


detail in the following pages. 
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Growth code for surface growth 


Ist digit. Width of fringe in mm. 
| = None 
{1 = Minute <0. 5 
lll = Average 0,5 = 2 
IV = Wide a2 


2nd digit, Width of total growth in mm, 


A= <5 F = >2h -~ 30 
B=>5- 8 G = >30 - 37 
G =°>§ '="f2 H = >37 - 47 
D = 512 ='18 SOS) S77 
E = 518 - 26 KS *>77 


These ranges were determined after several hundred diameters were 
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plotted graphically and natural groupings determined. The diameter 


of the plastic petri plates used was 85 mm, 


3rd digit. Growth form 
Thick, opaque growth 
1] zone only, no fringe 


2 zones 
Central wider than intermediate zone, no fringe 


Central and intermediate zones about same width, 
Total width of growth narrow (<E), regular 
edge, mostly without a fringe 


Total width of growth wide (°C), irregular 
edge, with or without a fringe, complex 
texture or colouration 


Thin, slight, transparent or translucent growth, with fringe 


Central zone plain 

Central zone banded in colour 

Central zone banded in texture 

No separate central zone, but a gradation occurs 
from the centre to where the fringe begins. Some- 
times an intermediate area occurs in part, of suf- 
ficient size to be described below 
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Types 5, 6, 7 and 8 are subdivided on the form of their intermediate 


zone, as follows, creating two-number digits eg. 58, 81. 


Intermediate zone 


very shiny, rough, medium thickness, plain 

rather dull, rough, very thin, plain 

shiny, smooth, plain 

consisting entirely of large fingers from central zone 

consisting of large blobs, fairly thick 

fairly shiny, very rough, many medium-sized blobs, fairly thick 
shiny, consists of wide bands of smooth and rough, medium thickness 
consists of wide bands of smooth and rough, very thin 


rather duli, rough with many small warts, very thin and transparent 


digit. Relative width of central zone 


Y 


(not used when 3rd digit is 1 or 8) 


central zone narrower than intermediate + fringe on one side 


central zone is roughly the same width as intermediate + 
Fringe on one side 


central zone wider than intermediate + fringe on one side 


Suffixes 


One or more may be added, a double letter eg. cc indicates 


a very strong characteristic. No suffix indicates a regular growth 


form, Listed in code in decreasing order of their importance in the 


morphology. 


b = bands occur parallel to the growth front 
c = crenate to clubby edge 
= fingers from intermediate zone extend into fringe 


fingers from central zone extend into the intermediate zone 


 =h © 
il 


= small separate growths (colonial variants) occur on, or 
extending from the main growth area 
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fine lines occur parallel to the growth front 
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o = many blobs throughout intermediate zone 


p = 'puffs' occur along edge of growth, presumably due to groups 
of more rapidly growing cells 


s = slime layer present ahead of growth front (ss = two slime 
layers) 


W = wavy edge, not more or less straight 


Growth code for subsurface growth 
The code is prefixed ''SUB'' and consists of only three other digits. 


No spreading edge or fringe is discernible. 


Ist digit. Total width 


A to K as above. 


2nd digit. Growth form 
This consists of two figures 


(a) Central zone 


Submerged (dull) = | 
On surface (shiny) = 2 

(b) Intermediate zone edge 
No intermediate zone = 0 
Regular = ] 
Wavy = 2 
3 


Extremely irregular = 
3rd digit: Relative width of central zone 
a, B, Y, as above 
Suffixes may be added as for surface growth, 
An example is the organism C.johnsonae var. denitrificans 405 on 0.05% 
tryptone and .75% agar, after 6 days growth 


SUB E 23 8 pp 
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This indicates that the growth was subsurface, 18 to 24 mm wide, the 
central zone had surface growth and the intermediate zone had a very 
irregular edge, the central and one intermediate zone were of roughly 
equal width, and a large number of 'puffs' occurred. Examples of the 
use of the growth code for selected organisms are presented in Tables 
33 and 38, and complete lists for twenty three organisms on the twenty 
four media at both two and six days appear as Appendices | and II 
respectively, 

Obviously the growth form and hence the corresponding growth 
code will vary with the stage of growth. Figure 20 shows the spread- 
ing organism 3-19 on Cook's Cytophaga Agar. The growth code at two 
days was III C 53 B w, but by six days the total growth had widened 
and the growth form had changed, giving the code I!!! H 82a fw. 
Similarly Figure 2] indicates the changes which occurred to the inter- 
mediate organism 3C between two and 14 days on Skim Acetate Agar. At 
two days there existed a simple growth form | A 1, but a small fringe 
and considerable complexity developed later, giving the growth code 
CIE S220 8bep. 

The growth medium also affects the growth form, and this can 
be seen with strain 405 (C.johnsonae var. denttrificans) after two 
days at 25°C on three different agar media (Figure 22). The growth 
codes were as follows, on Plate Count | A 1, on Skim Acetate III C 
53 6 w, and on Cook's Cytophaga Agar | B 53 y e. Hence a consider- 
able variation in width, fringe production and other features occurs, 
and as with other bacteriological techniques, the test conditions 


have to be reported along with the growth code, 
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Table 33 


Examples of growth codes on Cook's Cytophaga Agar at two days 


Agar. % 0.75 1.0 heb ZO 
hos 0.05 SUBRC ote 6 IV Sic Mame Simo ee F 88 
iSpreader' 0.1 . HOMER iat neINnGEe nM G51! a om hh) G 88 
Tryptone 0.2 III C SI Bf IV J 58 a ier sere ean F 58 4 f 
‘ 0.5 JI! D 55a fp IVH 58a Ill G 58a fe Ili E 58a f 
1.0 (Geese reel NIRMRGH TESTE 50. elf 111 — 50y ffe 
2.0 MEME pe tT nas er Til G S5-u re TTF 50 y ffe 
495 6105. Npebre2?y bigest: TAL) 1A] 
Hinter- 0,1  lbeGe82 eum dahl DICREY © HICK [Al 
Mest ate’ Gio: 1 MeOBa),SRETt iP Bees 4 1A [Aen 
0.5) ITE S2eme women. ANT 1 Aq 
eae i gaia: 1B ae 1 Al 
20: (iene? Ge Fal Bi LA] 1 Al 
18H 0,05 1Bls lL B28s ian) 1A] 
'Non- O) 1 Bales | Bo 2 BGs oe ith 
spreader’ 9 5 | same 1) Beowaue beat ane 
0.5 | Bae | B1ss 1A] 1A 
r.0 - | Cilmes tepals LA] wey 
2.0 | Came I Bls eB LA] 
8535 0.05 1A1 eau 1A] eye 
'Non- 0.1 Lam 1A] [eae 1A] 
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Flavobact- 9 5 | Aa LA LA ae 
er~tumn 
1.0 | Bm LA28 Bae 1A 
2 Gis. Wee oue 1A] 1A] (erat 


po te 


i Pe ae Tht rm he ae (Cray Ve ; i 
ex owl Js = gh are ah | 


a 


BAMi ole rie Nau Ni 

a8 a vit ow tera HY | gia) ROVE 
wee ae wR, vas 
tu Be gta) st» 82.8 Wh 2 2 HWE ae 
ott wR 3111 Va Oe aa | hee vp? | 
elv'y Og 9 11 eA a 'Re BINT Bis ew eh oa ee 
fi, yar ye iy y ‘eh Fh ie | 
ok vytewey 
Sah wets i 

rm me 


15 
i Fe 


wa Cea 


> + > 


1A’ Bis 
a hediail 
eae “y ae Ce | 
Van) ar ara oo Sewn 
WAN “ wee et ch oe et a . 


| rat ; Wy i} & - nd ae ue oT; Pie i qt 
an, MUNN 3,116 ih “1A wane itm eaten B 
AA i eet | 
ee ri OE hae 
fn. tae. 
tay Wale nv: pote . 


194 


Variation of growth forms and codes with time 


Figure 20. Growth codes for strain 3-19 on Cook's Cytophaga 
Agar. Two days (left) = I1I C 53 B w, six days 
(right) = 111 H 82a fw, 


Figure 21. Growth codes for strain 3C on Skim Acetate Agar. 
Two days (left) = | A 1, 14 days (right) = 
En 5a.0. DD. 


Figure 22, 


Figure 23, 


Variation in growth code on different media, 

C, johnsonae var. denitrificans 405 after two days at 
25°C. Growth codes on Plate Count (left | A 1), Skim 
Acetate (centre) II] C 53 8 w, and Cook's Cytophaga 
Agar (right)! B 53 ye. 


Growth codes on fresh and dry Cook's Cytophaga Agar 
after six days at 25°C. Strain 3-19, code on dry 
plate (left) | C 51 8 w p,on fresh plate (right) 
Mt G Siow, 


ye es ee oe 


Besos ya 


4'soad beg td 


‘ 
5 ; - | | 
* ar a | | ‘ 
' } A ae ae a 
tek si ee relay F a p : ; 
gi’ “en 3 4 fe ah | is 
; . i si Lo) Sao a ks 
aN alla sic 
‘- re eg i oe aye, fis oh Oa 14 , 
“A d of | 
) ‘ iw ; 


srurod qantW 


ab |i Ly yi sa 
ah ; ae 1 PP 7 
ea an 


193 

Characteristics of spreading organisms 

Perhaps the most characteristic and unique feature of a 
spreading cytophaga is the fringe. This was observed in all of the 
'spreading' and ‘intermediate! organisms on Skim Acetate Agar at four 
days, and in all of them on Cook's Cytophaga Agar except H50-1A at two 
days, and 9059 at two and six days. No fringe was observed on any 
medium in any of the 'nonspreaders' Tables 34, 35 and 36). A fringe 
was not usually produced when the growth was subsurface, thus these 
instances have been ignored for this part of the discussion, There 
was no general correlation between the percentage of agar and the 
expression of the spreading habit, although there was a tendency for 
a wider fringe to be produced at a lower agar concentration within the 
range of 0.75 to 2%. Other authors have found that 0.8% (164) or 1.5 
to 2.0% (162, 374) agar resulted in the best swarming. In this study 
the tryptone seemed to be the major factor controlling the production 
and width of the fringe. The optimum concentration (resulting in 
the widest fringe) was 0.05% or sometimes 0.1% tryptone, although 
good fringes were also seen at 0.2% as well. The observations of 
Stanier (374) and Hayes (162) that more than 1% tryptone usually 
results in compact eubacterial-like colonies, that 0.25~1.0%4 gives 
‘intermediate! colonies, and that below 0.25% results in the best 


swarming have been corroborated here, 
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Table 36 


Occurrence of a fringe at 4 days on Skim Acetate Agar* 


Paend 
Tar regan 


SEAR oe te eine a Re NE A a Cn 
a ee oe e-em 


emma 


Skim Milk concentration (%) > 
Daly ax 4 Divi ash Jef 
(405) * (13B) 405 
(4539) (3) 4539 (3) 4539 
(4433) (495) 4433 4433 495 
(4707) (9D) 4707 9D 4707 9D 
ee (Bryant) 2 Bryant 2 Bryant ”4 
(A15) D Al5 D Al5 ) 
(B-2-25) 6 B-2=25 B-2-25 
(E-1-25) (4541) |. E-1-25 (4541 E-1-25 STS 
(K,0-1A) 9059 H0~1A 9059 H0~1A 
& (405) 138 4O5 4O5 
6 4539 3 4539 3 | 3 
me, HSS ~ | 4433 4h33 495 
e 4707 9D 4707 4707 
1,0 c 2 2 2 
i (A15) D AIS D D 
2 (B-2-25) 6 B-2-25 B-2-25 6 
(E-1-25) 454) E-1-25 4od | E-1-25 4oh| 
H,0-1A 9059 H,0-1A 9059 H,0-1A 
| LOS 13B hos 
4539 3 4539 a 3 
4433 495 41.33 41,33 
Ld 4707 9D 4707 9D 
2 2 2 
Al5 D Al5 D D 
B-2-25 6 B-2-25 6 B-2-25 
E-1-25 hod] E-1-25 4od F-1-25 hod) 
H,0-1A 9059 H0-1A 


*Subsurface growth is indicated by parentheses. 
No fringe or subsurface growth were observed in the organisms 18H, 


15D, 8186, 8187 and 8535. 
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The rapid spreading of cytophaga colonies often results 
in a very wide growth on a streak plate, The influence of the con- 
centration of agar and of tryptone upon the width of growth was 
investigated (Appendices | and 11), With an increase in the percent- 
age of agar the width of all the organisms tested generally decreased, 
the widest growth occurring at 0.75 and/or 1.0% agar. Increasing 
the tryptone concentration had different effects on the different 
groups of organisms, There was a tendency for the width of the 
'spreaders' to decrease, whilst that of the 'intermediates' stayed 
about the same, whereas the lateral growth of the 'non-spreaders' 
increased, The largest diameter in the 'spreading' group was always 
shown on 0.05 to 0.2% tryptone. It is apparent that the use of a low 
tryptone concentration, even below the 0.2% in current use in Cook's 
Cytophaga Agar, would enhance the lateral growth of spreading types 
whilst restricting the non-spreaders. 

As the tryptone concentration was increased the organ- 
isms showed a deeper colouration, and where a brown water soluble 
pigment was produced it too increased with the tryptone level (2, D, 
6 and 4541), or was only produced at the higher concentrations for 
example 0.5% and over (13B), 1% and over (495) or 2% and over (8186, 
8187, 8535). The agar concentration had little influence on the 
colours observed, 

The experiment on fresh and dry plates of Cook's 
Cytophaga Agar showed firstly that large differences do occur between 


the morphology on agar of different moisture contents and 


different physical properties (Figure 23 and Table 37). 
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Table 37 


Growth codes on fresh and 
dry Cook's Cytophaga Agar plates after 5 days at 25°C 


I a a a a oe) 


Organism 'Dry' 3-week-old 'Fresh' }-hour-old 
"Spreaders" 
ATCC 17061 SUBSE Z25a "bf Pin 53 a Ff 
hO5 [11 D 55 a ppf Ill J 55 a f 
Alfalfa IB 50 ac | D 80 8 fw 
Bryant fi Ay F Il BS yf 
A 15 DrAo) *s | E 50 8 bes 
B=2=25 1 H 58 aw | J 54 0 
E~1-25 | H 58 aw lJ 544 
H0-1A DiC, 52 | —E 50 a bcess 
1-10 1 H 83 a ew lll J 83 a ew © 
3 Vil 5): Bi ppt Pe, Ue Sl 3+ ppt. 
3-19 PC S28 Wp PEG -Si ow 
3-22 Pic. 50°R wt 11 D 50 B wf: 
4433 ELE 50.0 fw Wer ole 6 Miro ee de a) 
4539 ( F50 G b 1 G 50 a be 
4707 1! D 56a ffee 1! F 56a ffe 
NCIB 9059 i Ba sry (8 3 4 
FS~1 IV H 8las Wow son ec..S 
Stanier 6 no growth no growth 
fO7e2 {C.H.) no growth no growth 
2 IVb 55 0 te biteH 55.0. fe 
D MVG 55 a fe LL H 55a Te 
6 Me tr 5548 Mirces yf 
howl Pr. 55: abt ive 55 6 Dt 
PC*TS Ly besa ro no growth 
9-71 GSI" ef ic 5 Byer, 
9D ltl — S54 a f ltt J 54 o 
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Table 37 - continued 


Growth codes on fresh and 


dry Cook's Cytophaga Agar plates after 5 days at 25°C 


Organism 'Dry' 3-week-old 'Fresh' l-hour-old 
495 1B 528e (1 524 F 
AL-1 ly & ia's plate covered 
gl Ai23 il 8 8s lity K 72 >o0.pp 
18LY ic S$L.e ¢ tin Ca Silo we 
18LW | C3 8 sw 111 D 8 ppw 
4553 (i) Id © 3yes 1B28w 
4553 (ii) ltl D 51 8 Il! D 51 8B 
4oo4 LI Bry s plate covered 
4555 (i) lB hey cs | B 1 eog 
4555 (ii) LG; 1s plate covered 
4556 (i) we ae plate covered 
4556 (ii) IA3yCc pi Bigty te 
4557 (i) | B 1 sw | C 48 pw 
4557 (ii) 1A] [A 
4558 (i) 1B.) s plate covered 
4558 (ii). Ce 1A] 

4559 (i) [6] 5 llc 48w 
559 (ii) 11 BSlyc LinBe3 yc 
4560 (i) | B 32 y sw plate covered 
4560 (ii) [Bats plate covered 
4560 (iii) PB Suvee (UB Bay c 

4561 (i) lt! c 8 fw IV A 8 fw 

4561 (ii) I) Bls plate covered 
4562 (i) LigCel sf Pik’ G3 yy pw 
4562 (ii) biyC.51 8s Ill D 52 6 wfs 
4563 (i) | B 1 pws Lit D S2, 0° psf 
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Table 37 - continued 


Growth codes on fresh and 


dry Cook's Cytophaga Agar plates after 5 days at 25°C 


Organism ‘Dry! 3-week-old ‘Fresh! I-hour-old 
4564 (i) ll C 3 B ws plate covered 
4564 (ii) ll Bis plate covered 
4565 (i) anise PTS plate covered 
4565 (ii) | B 1 ws plate covered 
13B UY Geezer [ Nese 0 (CC 
3C [Licospigny Mit rehegep 


''Non=spreaders!'! 


7-1 | 
15D | 
18H | 
NCIB 8186 | 
NCIB 8187 | 
NCIB 8188 _ | 
NCIB 8195 | 
NCIB 8535 | 
NCIB 8767 | 
NCIB 8771 | 
NCIB 8992 
NCIB 9157 | 
NCIB 9290 | 
NCIB 9324 
RL 8 | 
NCIB 8185 | 
NCIB 8204 
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Out of the 80 tested, seven organisms produced a fringe on the fresh 
plates but not on the older ones, and a further four strains had a 
wider fringe on the moist plates. Conversely three organisms had a 
fringe on the old but not the fresh plates. Over half of the cultures, 
mostly the 'spreaders', increased their width on fresh plates and 

15% achieved a greater complexity of growth, whilst two organisms 
decreased in complexity. Only two of the 14 Flavobacterta showed a 
difference in growth form on the two types of plates. All of the 26 
‘spreading! cytophagas plus 28 out of 33 'intermediates' and five out 
of seven 'non-spreading' cytophagas reacted differently to the moist 


and dry media, 


Towards a definition of 'spreading'. 

The definition of 'spreading' in terms of an instantly 
recognizable, unique and constant feature of cytophagas is problem- 
atical, From the foregoing work it appears that the possession of 
a fringe is the best characteristic with which to work, It is not 
always present on all media at all stages of growth and thus some 
searching may have to be done in order to establish its presence, 
The total width of growth and the complexity of the moiphology are 
also good yardsticks, and these will now be examined in relation to 
the possession of a fringe. The maximum fringe width and maximum 
width of growth relate quite well in the spreading organisms (Table 
38 and Figure 24), but the relationship obviously means less 


in the narrower ‘intermediate!’ organisms. 


eon. | a) 
figo 1? eit no 9 salt & boauborg analaaeyg 


6 bpd ealerde wea yada 8 cae ~ ie c 
6 bed oie nae sgn sama 


_ bre: essa dag i¥ tip ‘fib BR pr out | Ral 

| emaly al ont: ae thee, fawore +0. eae idan einen » @ 2 jes a | 

i aera siradadonnt a add hae ows ve ceded f | 
os wdz to 174 -agselg Fo. aaqys ows odd on ‘favo, ior a 
due ovat | beret ‘eatsibomaznl ff. Fo Tuer 8x. ore eeyerigony> 
alam ey oi S dudealled botopes eanesgorns iantoner acne . 


rn Rise 


heatbsoyae te: onset 

a vt sexe nee anita Ah "gt deariga” Yo nolarorias ont 
Manette, ei sogedqosys Ww arwiga yons.zan One suptad c on 

_ noleesezog ane tanh ernbage af sow ‘gnlogrnst: it | 

gon el 3h haw 2 oii, sat vivetiesagiedto teed ats 

| pune duda bre ndweniR 40 aogede He 16 etbon ihe ‘no tne 
“,aonagetg 27! fol Id v9 63 ‘veto, , ‘enob od 6 ova 

+. ie caotariom 8 to x91 x9 fino a as riaworg Fo conn 

bi snotantey at beatae, ad wan, ASW aod bag clot rebr04 
oud Xt ne ee aes arte ‘os | ae 36 sot : 


Table 38 


Maximum fringe and width on Cook's Cytophaga Agar* 
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Organism 


Spreaders 
LOS 1V Ltt 
4539 IV | 
433 IV an 
4707 lV lV 


Le dae! ie Jey oR UE op Eo cpl oa ina 5) fp pak = Al me I 5 oe a ect la 
NS Ce CL oe eS ao oe 


454) lV 
Intermediates 

36 uit 1h 

495 It lV 


Nonspreaders 
TSH | | B D n.a. 


15D | i B C isd. 


j++ t+ tft ++ t+]+ t]+ 4+ 44 4 


Ow 
= 1 =] 


Flavobacteria 
8186 | | 
8187 | | 
8535 i | 
9059 | | 
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' Subsurface growth has been ignored for the purposes of this 
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“ Relationship of the increase in fringe width (I to IV) with 
ing total width (A to K), for examples see Figure 24, 


n.a. = not applicable because no fringes occurred. 
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Good relationship Some relationship 


TS 50 


Total width (mm) 


40 


| 1] Vil lV 
Fringe width -—> 
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Total width of growth (mm) 


No relationship 
10 


Total width (mm 


| Td TTI lV | | 11] lV 
Fa ease Fringe width -=»> 


Figure 24, Examples of fringe/total width relationships. Each 
point refers to one plate (Table 32) after 2 days growth, 
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In the 23 organisms that were tested on 24 different tryptone/agar 
media it was found that the production of a fringe (Code Il, III or 
IV) related rather well to the development of a fairly complex growth 
form (Code 50 to 88). In the 552 tests read at two days only three 
of those having a fringe had a simple growth form (Code 1to 4), and 
less than eight percent of those showing no fringe had a complex 
development. At six days there were no fringed simple forms, but just 
over 15% had complex morphologies which lacked a fringe. It is thought 
that the production of a complex growth form is characteristic of most 
cytophagas, but that sometimes a fringe may be ‘overgrown! by the 
slimy, thicker mass of cells following it. This idea is borne out 
firstly by the fact that the percentage of tests showing a complex 
growth form but no fringe doubled between two and six days growth. 
In all 69 plates showed a disappearance by six days of a fringe which 
was present on that plate at two days. However, there were also 44 
plates in which a fringe developed in the same time period, Secondly, 
this hypothesis may explain the position of the so-called 'inter- 
mediate' organisms which are all very mucoid and may or may not show 
a fringe, it being overlain by excess slime. Although it is now 
known that the production of a fringe varies with the medium,the con- 
centration of agar and tryptone, with moisture level and with time, 
the factors governing the appearance of this unique characteristic 


are not yet fully understood, 
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A standard medium for fringe production? 


Complications arise when [ft is desired to recommend a 
standard medium for testing the presence or absence of fringes as an 
indication of spreading growth, Firstly, among the wide range of 
organisms studied here many different patterns of fringe production 
on the various media were observed, Secondly, subsurface spreading 
through the agar, the dimensions of which obviously cannot be com- 
pared directly with those of surface growth, is encouraged at low 
agar and low tryptone concentrations (Table 39). Subsurface growth 
was found to occur in one or more strains at all agar concentrations 
tested and from 0.05 to 0.2% tryptone, which are precisely the same 
proportions at which fringes are best developed in most organisms, 
It is clear that no one medium can be ideal for expressing spreading 
in all organisms in which {t occurs. Therefore it is suggested that 
a range of media be tested, namely from 0.75 to 2% agar at concentra~ 


tions of tryptone ranging from 0.05 to 0.2% viz: 


Tryptone % 


0.05 Del 0 72 
0.75 
Agar % 1,0 SUB = subsurface 
growth 
15 
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Indicated in the above figure are the most likely places for subsur- 
face growth (SUB) and fringes (F) to occur. To obviate the use of 
12 different media for each organism required to be tested, it is 
further suggested that the central two media be tried first, that is 
0.1% tryptone and 1.0% agar, and 0.1% tryptone and 1.5% agar. With 
the organisms tested here 17 out of 17 at 2 days and 16 out of 16 at 
6 days produced a fringe on one or both of these media. However if 
subsurface growth is encountered on both media, or only compact 
colonies are produced, then further media can be made with higher or 
lower concentrations of the constituents respectively. It is sug- 
gested that colonies be observed at oes twice, at two and six 


days. 
Vl!.2.5 Conclusion 


Spreading of cytophagas has been defined primarily as the 
production of an extremely thin layer of advancing cells at the growth 
front (the fringe), with also the attainment of great width and com- 
plexity of the colony. The production of a fringe may be masked under 
certain conditions such as when large amounts of slime are present. 
Media and conditions are described with which to enhance spreading 
growth, notably fringe production, The two non-spreading organisms 
18H and 15D which have previously been regarded as fairly closely 
related to C.johnsonae var. denitrificans (see Chapter tl! page 101), 
have not yet been observed to produce a fringe, and have a fairly 


narrow and simple growth form, It would be interesting now to grow 
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these two organisms on Pep, Milk | medium which has also been shown 

to enhance spreading of cytophagas (see Chapter IV, page 110; 71). 
Their systematic position as cytophagas is reviewed further in Chapter 
Vill. The three non-spreading Flavobactertwn strains, F.estero- 
aromatteun NCIB 8186, F.flavescens NCIB 8187 and F,aquattle NCIB 
8535 are also very different from typical Cytophaga species, whi ist 

F peetinovorum NCIB 9059 was shown to be able to produce a fringe and 
wide, complex growth, which adds further evidence to the suggestion 
that this is really a Cytophaga species (275). 

A codified description, from which the colonial growth can 
be visualized, has been developed, It describes the width of the 
fringe, total width of growth, morphological form, comparative width 
of the central and outer zones, and certain special features of 
individual colonies. The difficulty in obtaining good photographs 
of spreading colonies and especially of the fringe area can be com- 
pensated in part or wholly by the use of such a code, which is also 
simpler and cheaper than keeping a photographic record of every 
plate, As with a photograph, the code allows detailed comparisons 
to be made within the present data and with future experimental 
material, and it could also be fed into a computer as a photograph 


could not. 
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CHAPTER VIII 


TAXONOMIC STUDIES ON CYTOPHAGAS AND THEIR ALLIES 


VI'I.1.. important characteristics of the myxcbacteria 


Some of the prominent characteristics of the myxobacteria, 
namely the DNA base composition, growth rate, vegetative cel] morph- 
ology, uitrastructure, colour and swarming morphology, have alreacy 
been discussed, Three other important properties will be treated in 
this section, they are the degradation of carbohydrates and poly- 
saccharides, prareoliet: and the predatory capabilities of tnis 
intriguing group, 

The use of both soluble and insoluble inacromolecules has 
long been recognized as a general characteristic of the myxobacteria 
(100, 373). Substrates utilized include various proteins, DNA, RNA, 
cell walls, lipids, cellulose, agar, avg ade starch, alginate, inulin, 
pectin, keratin, laminarin, heparin, porphyran and glycogen. Such 
molecules are too large to enter the cell hence the enzyme systems 
are extracellular, usually being bound to the cel] wall or to the 
slime polysaccharide exuded by the cells (371). There has been little 
quantitative work done until recently, and more is known qualitatively 
about the cytophagas than about the fruiting myxobacteria, The 
fruiters are usually capable of hydrolysing starch, glycogen, casein, 
gelatin, RNA, DNA and various sugars, and cellulose,inulin and aesculin 


can be utilized by some species, but probably none are capable of 


attacking: agar (100, 262, 267, 268, 269, 285). 
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The cytophagas are able to degrade a wide range of carbo- 
hydrates (381) and polysaccharides as well as numerous proteinaceous 
materials, and the list is longer for many species mainly because 
more work has been done on these organisms than on the higher myxo- 
bacteria, For example, Napier (279) has reported that culture fil- 
trates of a Cytophaga sp. (NC1B 9497) had lipase, protease, elastase, 
laminarinase, keratinase and chitinase activities and were able to 
lyse mould mycelium, Classical cellulose deomposers like Sporocyto- 
phaga myxococcotdes and Cytophaga hutehinsontt and the marine species 
C.naloflava and C,rosea show a highly distinctive nutritional special- 
ization, as they are usually unable to use any source of carbon except 
carbohydrates, mostly cellulose, cellobiose and glucose (372, 373). 
This means that they must cOmpete very efficiently with other more 
versatile cellulose decomposers., In this connection it may be 
mentioned that these cytophagas prefer direct contact with the cellu- 
lose fibre, and due to their ability to creep on solid surfaces they 
rapidly invest the fibres,which are then decomposed in a very snort 
time, Though rather restricted in their choice of energy source, the 
"classic!' cellulose degraders are able to use inorganic as well as a 
number of organic nitrogen sources (Table 4, pages 31-42). 

A number of nutritionally versatile cytophagas have been 
described that are also capable of attacking cellulose. The marine 
C.diffluens, and some soil species (eg. C.albogilva, C,deprimata) belong 
here. It is interesting to note that the cellulolytic ability of 


these organisms is only very feeble in comparison with that of the 
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‘specialists! mentioned above, Fuller and Norman (119, 120) reported 
that the cellulolytic ability of C.atlbogtiva and C.deprimata was 
weak on first isolation and was soon lost when they were cultured 
on simpler carbohydrates, 

The agarolytic (Table 5, pages 43-54) and chitinoclastic 
(C.johnsonae) cytophagas are very versatile organisms that attack a 
wide variety of simple carbohydrates and nitrogenous compounds. The 
hydrolytic enzymes from a Cytophaga sp, (NCMB 1327) which catalyse 
the degradation of agarose and related polysaccharides, notably the 
algal galactan sulphate porphyran, have recently been described (98, 
OO, 401). The regular occurrence of agar decomposers in the marine 
environment indicates their important role in the natural decomposi-~- 
tion of seaweed polysaccharides. However, agarolytic bacteria are 
not confined to sea and shore; there are several soil forms and some 
angiosperm pathogens, but so far no nonmarine agarolytic cytophagas. 
The only chitin-degrading cytophaga hitherto named, C.johusonae, has 
been found in soils in many parts of the world (409), which indicates 
the ubiquitous distribution of a very competitive population of such 
organisms, Various enzymes produced by C,jonnsonae are also being 
studied, notably those which catalyze the breakdown of chitin (390), 
Unlike other chitinolytic bacteria some strains of C.johnsonae do not 
liberate an extracellular chitinase, but need close contact with the 
chitin particles in order to hydrolyse them, Other strains liberate 
an extracellular chitinase and a chitobiase, Other studies have shown 


that the endo-polygalacturonate lyase of C,johnsonae has a different 
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mode of action from that of the polygalacturonate lyases of B.polyniyxa, 
Erwinta earatovora and Xanthomonas campestris (389), and that glucan- 
ases produced by C.,jolinmsonae have facilitated examination of the cel] 
wal] structure of yeasts (15, 16). It is reasonable to expect that 
chitinoclastic marine cytophagas will be found, as chitin forms the 
bulk of the exoskeletons of the Foraminifera and Crustacea as well 

as occurring in other forms, for example in the nematocysts of the 
Hydrozoa, and these residues must ultimately be recycled, 

The amylolytic non-cellulolytic organisms C,sucetntecans, 
C.fermentans and C,salmonicolor are also capable of using a variety of 
Sugars as carbon sources, but little else. A number of other un- 
named strains have been isolated, for instance by Stanier (374), which 
decompose starch but not agar, chitin or cellulose. The fish patho- 
gens C.,colwnnaris and C.psychrophtla so far as is known do not degrade 
polysaccharides, It has to be emphasized that many of the above state- 
ments are based on somewhat incomplete data (see Tables 4 and 5, pages 
31-54). 

Of the four Flavobactertum species of especial interest here 
(Table 7, pages 67-72), F.aquatile, F.meningosepticum and F,peetinovorun 
will use a variety of sugars but not alcohols. F,aguattle will not 
degrade dextrin or starch, F.mentngosepttcwn does not use starch, but 
F peetinorovum will utilize inulin, ante and starch. Little has been 
published about F.,heparinum apart from its ability to degrade heparin 


(249), 
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Most of the information on the 15 Flextbacter strains 

described in Table 9 (pages 83-88) is derived from the work of Lewin 
(245, 246), He found that up to four sugars could be degraded by 
any one species, but six species are not yet known to use any sugars. 
Glycerol is used only by F.sanett, and up to three organic acids 
may be used by several strains, while six species are not known to 
use any Organic acids. The genus Flextbaecter is separated from 
Cytophaga on its inability to degrade a wide range of polysaccharides, 
notably cellulose. Of the 15 known species and varieties isolated 
from various marine and non-marine habitats, none are known to de- 
compose agar, alginate, cellulose or chitin, although in the author's 
opinion the chitin test employed by Lewin was not satisfactory, He 
used a suspension of chitin particles and incubated the tests for 
"one or two weeks'', whilst experience with C.johnsonae and related 
strains has shown that a partially hydrolysed chitin suspensicn and 
incubation for at least one month are necessary (see Method 20, page 
249). About one half of the Flextbaeter species and varieties attack 
Starch, and three out-of 3 tested Kero cnc, This raises the 
question of the interrelation of CMC and cellulose Peer eel one Accord= 
ing to King and Vessal (214) the enzymatic degradation of these two 
polymers is not identical, but nevertheless the series of enzymes 
involved with each substrate are part of the same 'cellulase complex’, 
lt thus seems inappropriate to the author to include CNC~decomposers 
in Flextbacter if cellulose decomposition, however measured, is the 
major (or indeed only) generic differentiation from Cytophaga, The 


three organisms in question ere F,auranitacus, F,flexilis var. 
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pelliculosus and F.,sanett and all three also degrade starch, Flext- 
baeter aurantiacus is composed of one strain of Cytophaga psychrophila, 
and one strain of C.auranttaca which Lewin and Lounsbery found would 
not decompose cigarette paper (246). The medium used to determine 
cellulolytic ability contained several other simpler carbon sources 
including glucose, so their result is not entirely convincing, It 
has even been suggested that C,aurantiaca is merely a variety of 
C.hutehinsonti (375) and the author feels that this strain should have 
acted as a control on Lewin and Lounsbery's method, rather than accept- 
ing such a result and erecting a new species, It is also possibie, of 
course, that this particular strain of C.auranttaca has been cultivated 
on non-cellulosic material and had lost its ability to degrade cellu- 
lose, but this is hardly reason enough to transfer the whole species 
to a new genus, The author feeis that it would be better to leave 
C.psychrophitla in the genus Cytophaga for the time being until more 
work has been done on it, and on C,cotwmarts the other fish pathogen, 
to determine their polysaccharase potential. Similarly on the basis 
of polysaccharide degradation, F.sanctt ‘and F,flextlis var. pelli- 
cutosus would be better transferred to Cytophaga, even thougn this 
would split the latter species and necessitate a name change, The 
separation of the genera Cytophaga and Fleatbacter will continue to 
be difficult until further characteristics are found to differentiate 
them, or until it is decided that they cannot be differentiated and 


that they should therefore constitute only one genus, 
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All species of higher and lower myxobacterijia tested are 

proteolytic, and many are markedly so. Peptone (22), casein (294) and 
gelatin (321) are commonly utilized, and haemolysis and softening of 
coagulated egg and serum media have been reported in Chondrococeus, 
Myxocoecus, Sorangiwn (203) and Cytophaga (273). Ribonuclease and 
deoxyribonuclease activity are practically always detectable (144, 275), 
and Norén reported that RNA or DNA could serve as the sole carbon and 
nitrogen source for Myxococeus virescens (285). Various potentially 
useful instances of proteolytic activity have been described, for 
example the solubilization of a structurally bound enzyme from fish 
muscle was achieved using a Cytophaga species (252), and an important 
protease has been described from myxobacter (?Sorangiwn) 495 (128, 
431). The degradation of the highly insoluble protein keratin, which 
is the main component of vertebrate epidermal structures (hair, nails, 
feathers, etc.) is known to be accomplished by dermatophytic fungi 
(49) and by certain soil actinomycetes (238), Several Cytophaga strains, 
for example 10D, 15D, 16D, 161, 442 and others (259) and NCIB 9497 (279) 
have been found to produce keratinases. ‘Strains 10D, 15D and 16) which 
were put in Group |, and 442 which was placed in Group II of Quadling, 
Cook and Colwell's taxonomic analysis (Chapter III!) may be related to 
C.johnsonae., The isolates tested by Martin Bad (6 (259) used auto- 
claved feathers or wool as their sole source of carbon and nitrogen, 
but they did not solubilize the unmodified substrates. Strain NCIB 


9497 had keratinase activity against unmodified hair and stratum corneum, 
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The extracellular proteases of Cytophaga 16D are present 
naturally as a complex with acidic polysaccharides of the slime layer 
(72). This slime-enzyme complex is hypothesized as responsible for 
attaching celis to an insoluble substrate as well as ensuring that 
degradative enzymes are kept in close contact with the substrate (72). 
This observation would also explain the rather poor solubilization of 
autoclaved feathers by both the culture filtrate and the isolated 
enzyme when compared with the rapid rate of digestion of the feathers 
by the bacterial cultures. Another postulated role for the enzyme-poly- 
saccharide conjugate is the stabilization of the enzyme. Duckworth and 
Turvey (98) found that separation of a Cytophaga agarase from its com- 
plex with slime polysaccharide resulted in marked instability of the 
enzyme, Calcium ions and soluble proteins were found to be important 
in the stabilization of the isolated protease from 16D against denatur~ 
ation by pH and heat, and this may indicate that the slime polysaccha~ 
rides have a similar role in the natural environment, 

Although the fish pathogens Cytophaga (Chondrococcus) 
columnaris and Cytophaga psyehrophtla do not seem to degrade poly- 
saccharides they are actively proteolytic. Perhaps this activity 
plays an important part in their pathogenicity by breaking down tissues 
at sites of infection. 

Studies on the Flavobaetertum species of interest here, 
F,aquatile, F.meningosepticum and F.pectitnovorun have shown all three 
to degrade gelatin and litmus milk, but haemolysis is not usually 


shown, No information on the proteolytic ability of F.heparinwn is 
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available to the author's knowledge (Table 7, pages 67-72). 

All the described species of Flextbacter are proteolytic, 
using gelatin, peptone, tryptone and casamino acids, and one strain 
is reported as decomposing albumin (Table 9, pages 83-88). Lewin 
and Lounsbery reported that a number of strains of flexibacteria 
required certain amino acids in the nutrient medium (246). The con- 
centrations of free amino acids found in natural waters (45, 92) 
would not suffice for appreciable growth however, unless the organisms 
were able to accumulate them effectively. One must therefore conclude 
that the majority of the strains requiring specific amino acids for 
growth obtain these compounds by the action of extracellular enzymes 
on proteins in their environment. 

Lytic agents have been isolated from a wide variety of micro- 
organisms including B.subtilis (332), Flavobaetertum sp. (205), 
Staphylococcus aureus (337), Streptomyces spp. (124, 335) and the fungus 
Charalopsts sp. (155). These enzymes attack only Gram positive bacteria, 
and very few organisms are known to exhibit lytic properties in mixed 
cultures or to use living cells as their nutrient substrate. Activity 
of this kind has been found in various myxobacteria and a voluminous 
literature exists on the antibiotic, bactericidal and bacteriolytic 
products of these micro-organisms (290, 379). It is well known that 
many of the higher myxobacteria are active and specialized destroyers 
of other forms of microbial life (373). When grown with yeasts or 
bacteria as a food source, species which fruit poorly or not at all 


on dung agar will fruit normally and abundantly (356). Their frequent 
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occurrence on dung in nature is due largely to the exceptionally high 
bacterial content of this material (373). 

In general, myxobacteria feed better on Gram negative than 
on Gram positive bacteria (13, 23, 24, 290, 352, 386), although much 
variation exists in the preferences of individual species and indeed 
strains. Species of fruiting myxobacteria are known to attack many 
Gram negative, Gram positive and acid-fast bacteria, yeasts and other 
fungi including plant and animal pathogens, green and blue-green algae 
and even human viruses and nematodes (Tabie 40), Considerably less 
work has been done with cytophagas but they are known to attack Gram 
negative and Gram positive bacteria, actinomycetes, yeasts and other 
fungi including dermatcphytes and phytopathogens, green and blue-green 
algae and nematodes (Table*41) and some cytophagas are human pathogens 
(135, 136 and page 60). Various 'Sorangiaceous' and other unidenti- 
fied non-fruiting myxobacters have also been shown to attack Gram 
negative, Gram positive and acid-fast bacteria, actinomycetes , fungi 
including yeasts and plant and animal pathogens, green and biue-green 
algae and nematodes (Table 42). In the literature mostly tysis of 
live or dead cells has been reported, but in many instances it is dif- 
Ficult to ascertain whether lytic or antibiotic activity was encountered 
by the authors. For simplicity, in the following tables no attempt has 
been made to differentiate between lysis of living or dead cells, 
lysis of cell wall preparations, antibiotic action or the various 


combinations of these that have been observed, 
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Table 40 
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Micro-organisms attacked by fruiting myxobacteria* 


aera 
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ANGIOCOCCUS sp. (204). 


G- 4erobacter aerogenes S, typhosa 
A, cloacae Shigella dysentertae 
Eschertchta colt G+ Bactllus cereus 
Proteus morgantt Saretna tutea 
P. vulgarts Staphylococcus albus 
Pseudomonas aerugtnosa S,aureus 
Salmonella sechotimuetlert Streptococcus faecalts 


ARCHANGIUM GEPHYRA and A,PRIMIGENIUM (204). 


G- A,aerogenes G+ B, cereus 
A. cloaeae B,subttlts 
E,colt S,albus 
P,morgantt S,qaureus 
P,vulgarts S. faecalts 
S,scnottmuetlert Yeasts Candida albicans 
S. typhosa Saceharomyees cerevisiae 
S,dysentertae 


ARCHANGIUM VIOLACEUM (175, 176, 177). 


ee 


G+ Mierocoecus ltysodeikticus Yeast S.cerevtstae 


CHONDROCOCCUS BLASTICUS (23, 24). 


G-  non~sporeforming rods, mostly white and yellow, common 
soil forms, 


CHONDROCOCCUS EXIGUUS (352, 353). 


G- E.coli Pseudomonas fluorescens 


errs 


a 
’ Note: Owing to the confused state of nomenclature in the fruiting 
myxobacteria, names have been left as designated by the author hence some 
may overlap. Where possible the names of other species conform with the 
seventh edition of Bergey's Manual (42). 
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Micro-organisms attacked by fruiting myxobacteria. 


=~ 


CHONDROCOCCUS CORALLOIDES (204, 283, 284, 286). 


G- 


A, aerogenes G+ 


A, cloacae 
Aerobacter sp. 
PCOTL 
P.morgantt 
P.vulgarts Acid~fast 
P,aerugtnosa 
S.schottmuetlert Yeast 
S, typhosa 

S,mareescens 


S,dysentertae 


CHONDROCOCCUS LACTICUS (290). 


G- 


G+ 


E,colt 
Flavobactertum sp. 
P, fluorescens 
S.mareescens 


A, aerogenes 


CHONDROCOCCUS MEGALOSPORUS (204). 


G- 


A, aerogenes G+ 
A, cloacae 
E,colt 
P,morgantt 
P.vulgaris 
P, aeruginosa Acid-fast 
S.schottmuellert 
S, typhosa Yeast 


S.dysentertae 


B, cereus 
B,subttlis 

S,albus 

S,aureus 
S,faecalts 
Mycobaetertun phlet 
M, smegmatis 
C.atbteans 


S.cerevtstae 


B,megathertum 
B,subtilts 
Micrococcus sp. 


S,Lutea 


8. cereus 

B. subtilis 
S.,atbus 
S,.aureus 

S, faecalts 
M,.pntlet 

iM, smegmatis 
C.albteans 


S.cerevitstae 
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Micro-organisms attacked by fruiting myxobacteria 


CHONDROMYCES APICULATUS (233). 


G- 


Alealtgenes sp. 


E,colt G+ 

P, vulgaris 

S.schotimuetlert Acid-fast, 
S, typhosa 


CHONDROMYCES CROCATUS (204, 290, 312). 


G- 


A, aerogenes Gt 
A, cloacae 

E,colt 

Flavobactertum sp. 
P,morgantt 

P.vulgarts 

P, fluorescens 


S,.mareescens 


S.marcescens 
S,albus 
S,aureus 
M. diphthertae 


B, cereus 
B,megathertum 
B, subtilis 
Mterococcus sp. 
S, lutea 
S,aureus 


S. faecalts 


MYXOCOCCUS FULVUS (68, 165, 204, 222, 256, 283, 284, 290, 292, 335, 


G- 


S52, 353, 304), 
A,aerogenes G+ 
A, cloacae 
ECOLT 


Flavobactertum sp. 


P,morgantt Acid~fast. 
P.vulgarts 

P. aeruginosa Yeasts 

P. fluorescens 

S,marcescens 


S.schottnuetllert 
S.typhosa 


S,dysentertae 


Noeardta coratllina 
S, lutea 

S,aureus 

S, faecalis 

M,phtlet 

M. smegmatis 
Candida sp. 
C.albteans 
C.puleherrima 
S,cerevistae 
Saecharomyces gractlts 


Torula auranttaca 
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Table 40 - continued 


Micro-organisms attacked by fruiting myxobacteria 


G+ B,cereus BG Alga. Nostoe museorum 
B,megathertun G. Algae. Chlamydomonas eugametos 
B. subtilis Seenedesmus Naegeltt 
Mterocoecus sp. Stichocoecus bactllaris 
M, lysodetkttcus S.mtrabt lis 


MYXOCOCCUS LACTIIS (290). 


G- A.aerogenes G+ B.megatherium 
E,colt B, subtilis 
Flavobactertum sp. Mierococcus sp. 
P, fluorescens S, lutea 
S,marcescens 


MYXOCOCCUS OVALISPORUS (204) . 


G- A,aerogenes G+ B, cereus 
A, cloacae B,subttlis 
E,colt S, lutea 
P,morgantt S,aureus 
P.vulgarts S,faecalts 
P, aeruginosa Acid-fast. M.phtet 
S,schottmuetlert M. smegmatis 
S.typhosa Yeasts C .albicans 
S,dysentertae S,cerevistae 


MYXOCOCCUS STIPITATUS (204, 290, 292). 


G- A,aerogenes Gt B,subtilts 
A.cloacae Mterocoecus sp. 
PD eCOlt S, lutea 
Flavobactertum sp, S,aureus 
P,morganit S.faecalts 


P,vulgarts Acid-fast. M.phiet 


Es | ; | a 7 . B 
: a i. / Basa 
q a "t nt ave my ara: 
a pedemane bay 3 he" ps bolsee caine oh 
aes ow —_ ergy a amaennnnniil Aaah me : ners 
4 my aa Ab) iq , , 
anal iet setae seu ve eel A ae a) ie in Boal 
+4 f Ls Ma as ei A a ; 
we sag) “stead 
s *) ‘s ne ] Re ee i 
{ _— Ry +a : i A ; da ee eas 
s 1) Pot al as we aa ; , ; “hilly 
ates: 0 aeleelieeietiaet 
} od 4 Mi Ww Pe rir, - o) ry As a c “ et a n 
ia a | S| : i yt “ae we ae 
ets me Beat SERENA, 
Pr vs ! r a ao ig tee ws SAB YOEED 
ye ie rr a i i a — 
5 aie j | ee Ws 
a ¢ dive A } 2 ir ‘poual Of ca i Pow. ; 
pore a Se ene a hy } 
} ps aes re 1% re 
Qe. putts ba Was Sy 44 i) Pay us i ie 9? — wack} a ; 
» i i. : DOT. st Pat Avy if sb 
<n ve et gions Chee y i a a 
atk Sh | aii ee i ot a 2a 
Py I ae 1 ki ‘sree ? 
Re j f a NT ed ; ay, rea Bi ne ia ve iy ae i or hs 
o - , ) . iL ‘" y vl a tk PTA ts : 4 
a] an ie + 09) ‘aia 92 ake ‘eH ui 
oe y 
— esnaprain ch > 
eee es 
nye aig pass cin ‘eseaele oe 
i ae Rae Se 
of 
vhs 
i i 


ad, 


rs oy | opt 
aes ots 


f ay hy) ” ek PS: ay: 


MYXOCOCCUS VIRESCENS (156, 157, 158, 
283, 284, 286, 


G- 


Gt 


‘Mterocoecus sp. 
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Micro-organisms attacked by fruiting myxobacteria 


P.aeruginosa 


P, fluorescens Yeasts 


S.schottmuettlert 
S, typhosa 
S.marcescens 
S,dysentertae 

B. cereus 


B.megathertum 


Aerobacter sp. 
A. aerogenes 

A, cloacae 
Agrobactertum tumefactens 
E.colt 
Flavobactertum sp. 
P,morgantt 
P,vulgaris 


P, fluorescens 


S.schottmnuellert Yeasts 


S, typhosa 
S,marcescens 
S, dysenteriae 
B, cereus 
B.megathertum 
B,mesentericus 
B,mycotdes 
B.subtilis.- 


Flavobactertum sp. 


M, Lysodetkticus 


Acid-fast 


Acid-fast. 


G.Algae 


Viruses 
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M.smegmatts 

C.albtcans 

Mycoderma valtde 
S.cerevistae 

S.graetlts 
Scehizosaecharomyces pombe 
Torulopsts utilis 


Zygosaccharomyees sp. 


158= 208 220641707, 208, 222, 
Dey. 200 eae 294, 295,. 352, 353) 


N, corattlina 
S arcina sp. 
S.agtlts 

S, lutea 
S.,albus 
S,aureus 

S. faecalis 
M.phlet 

M. smegmatts 
C.albtcans 
S.cerevtstae 
S.gractlts 


T auranttaca 


C.eugametos 
Hormidium flacetdum 
S.Naegeltr 
S,bacillaris 
S.mtrabilts 
Influenza A 
Influenza B 


Mumps 
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Micro-organisms attacked by fruiting myxobacteria 


as 


MYXOCOCCUS XANTHUS (26, 27, 65, 289, 384, 387). 


G- A.,aerogenes B,subtilts 
Azotobacter betjerinekit M, lysodetkttcus 
A, chroocoecum Yeast Pullularta putlulans 
A.vinelandtt BG Alga NV .muscorum 

Gt B.megathertum 

MYXOCOCCUS SPP. (190, 235, 359, 360, 384, 438), 

G- Lschertehia freundtt Usttlago zeae 
Pseudomonas mildenbergtt U.avenae 
P. putida U, levts 

G+ Micrococcus lysodetktteus BG Algae Lyngbya sp. 

Yeast S.cerevtstae NV .muscorum 
Fungi Saprolegnta sp. Synechococcus cedrorun 
Sorosporiun ret lianum Five others 
PODANGIUM ERECTUM (292). 

G- A.aerogenes S.atbus 
E.coer S,aureus 
P, vulgaris Yeasts M,valide 

G+ B, luteus S.gractlts 
By,megathertum T .auranttaca 
B,mesentertcus G.Algae. C,eugametos 
S aretna sp. S.bacillaris 
S,agtlis S.mtrabt lis 


POLYANGIUM PARASITICUM 


POLYANGIUM VIOLACEUM 


Fungus 


(720% 


Aquatic green algae 


(235) 


Saprolegnita sp. 
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Table 41 


Micro-organisms attacked by cytophagas 


SPOROCYTOPHAGA CAULIFORMIS (141). 


G- 


CYTOPHAGA 
Ge 


CYTOPHAGA 
Fungi 


CYTOPHAGA 


Nematodes 


Achromobacter sp. 
A, aerogenes G+ 
E.cotlt 

E. freundit 
Klebstella ozaenae 
K, pneumontae 
Salmonella baretlly 
S. braenderup 
S.enterttidts 
S,muenster 

S, paratypht 

S. typht 


JOHNSOWAE (335). 
E,colt Yeast 


P, aeruginosa 


NCIB 9497 (279). 
Aspergillus fumtgatus 
Cephalosportum sp. 
Microsportum canis 


Penictlliun chrysogenun 


15D (209, 210). 
Aphelenchus avenae 
Caenorhabditis briggsae 


Heterodera trifoltt 
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nt ae 


S, typht-murtum 
B,anthracts 

B, anthracoides 
B, cereus 
B.mesentertcus 
B.mycotdes 
B.pants-vtseost 
B, sphaerteus 
Clostridium perfringens 
S, lutea 

S,albus 


S,aureus 


C. puleherrima 


Rhizopus nigrtcans 
Trichophyton rubrum 


I, sulphureum 


Panagrellus sp. 


Rhabditts oxyeerca 
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Table 441 


~ continued 


Micro-organisms attacked by cytophagas 


CYTOPHAGA N-5 (383, 385). 


G- 


Gt 


BG Algae 


CYTOPHAGA 
c= 


BG Algae 


A, aerogenes 
Alcaltgenes providence 
Citrobacter sp. 
E,colt 

K, pneumontae 
P.mtrabilts 

S, typhosa 
S,marcescens 
B.subttlis 
Gaffkya tetragena 
M, lysodetktteus 
S,aureus 
Anaebaena Sp. 


Catothrix sp. 


FP=1 (346, 347). 
A,aerogenes 
E,colt 

P. fluorescens 

S. typhimurtun 
Anacystts ntdulans 


Coccochloris penyocystts 


PROMYXOBACTERIUM FLAVUM (182). 


Fungi 


Botrytts sp. 


Fusartum tind 


Lyngbya sp. 
Nostoe sp. 
Osctllatoria sp. 
Phormtdium sp. 
Plectonema sp. 
Chlamydomonas sp. 
Chlorosarcinopsts sp. 
Dtetyochtloris sp. 
Radtosphaera sp. 
Sptrogyra sp. 
Spongtococeum sp. 
Tetracystts sp. 
Tritchosarcina sp. 


Zygnema sp. 


Nostoe sp. 
Osetllatorta prolifera 
Plectonema boryanum 
Spirulina platensts 


S.tenuts 


- Synechococcus eedorum 


gas 


Laila ds oo 


ape ea de qatepieh bit secret ea lence ieee et RNR 
* , ae » Aa a ar): 


Fs. nyigngl fe 
G2. soredh 
ae ptrodnt toad 
92 ‘parghamroe 
9 QE MSHS aot’ % 
et eputmn rand ra onglA,d 
se. BA enti 3 eyes ashrsss «9 
ae errotitnogete 
sae wrapdyad yon’ 
Gee regi rz 
A tareOOO Gr Frege 
.q2 srteyorniat: 
. ge! pate ADBOKoee 


wae smu NRIGe i il i 


. 7 
1G “ee 


ae 
cree rotay poeta aR ue 
ss ince tt 
_& pees ory ‘3 


ade a a win ; 
PAINS, mace | ea BY 


7 * 
, ia 
a's A i 
i NS Wy 
‘ , 
= 2 a 
‘ 
i ; 
#1 ni 
fdybhaty 
he; 
" 
uF 
A 
5 ‘ 
: D 
i y 
a) oe] 


Table 42 


MYXOBACTER 3C (? SORAWGIUM) (307, 308, 384). 


G- 


G+ 


A, aerogenes 
Agrobactertun radtobacter 
A, tumefactens 
Atealigenes faecalts 
Arthrobacter globtformis 
Erwinta amylovora 

E, carotovora Acid-fast. 
E.colt 

Pseudomonas atrofactens Actinos. 
P. coronatactens 
P, fluorescens 
P. phaseoltecola 
P,pist 

P, stutzert Yeasts 
Rhtzobtum leguntnosarum 

R, Luptint 

R.meltlotr 

R,phaseolt 

R obrEragltr 

Xanthomonas campestris 
X.phaseolt var. fuscans 
Bacillus alvet 

B, cereus 

B,coagulans. 

B, laterosporus 


B, pulvtfaetens 
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Micro-organisms attacked by unidentified non-fruiting myxobacteria 


aad 


S, sphertcus 
B,subtilts 
Corynebacterium instdtosum 
C,sepedonteum 
Mterococeus denttrtficans 
S,aqureus 

M.phlet 

M. tuberculosts 
Streptomyces candidus 
S,griseus 

S, Lavendulae 

S,scabtes 

Streptomyces spp. (7) 
Candida kruset 

C.uttlts 

Candida sp. 

Endomycopsis vernalts 
Rhodotorula muctlaginosa 
S,cerevtstae 

S. fragilis 

S, logos 

S, pombe 

Z.actdtfactens 
Z.ravennatts 


Z,rugosus 
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Table 42 = continued 


Micro-organisms attacked by unidentified non-fruiting myxcbacteria 


Fungi 


Abstdta sp. 
Aecrospetra levts 
Alternaria sp. 


Aspergtllus niger 


Bisporomyces chlamydosporus 


Botrytts cinerea 
Byssochlanys nivea 
Cephalosporium sp. 
Chaetomtum sp, 
Chrysosportum pannorum 
Cirectnetla sp. 
Cladosportun herbarum 
Corynespora cassttcola 
Coryneum unbonatun 
Curvularta lunata 
Cylindrocarpon radteota 
Cylindrocladium scopartum 
Emerteellopsts minima 
Fusarium culmorwn 

PF, oxysporum 

F,solant 

Glioeladtun roseum 
Gonytrichun macroeladum 
Helminthosportun sativum 


Humicola sp. 


eer 


Leptographtwn sp. 
Mentspora etiltata 
Monilia sttophtla 
Mortteratla sp. 

Mucor ramanntanus 
Myrotneetum sp. 
Nigrospora sp. 
Oidtodendron sp. 
Paectlomyees marquandil 
Papularta sphaerosperma 


Penicilliun saceulun 


Pullularta putlu 
a 


Sp. 
hizopus ntgrteans 


Rhtnocladtieli 


ty 


ines 


Seotlecobastdtun constrtetum 


Stachybotrys atra 
S.aurantta 

Mortieriella StiZbwn sp. 
Stysanus 

Trichoderma veride 
Trichothectum roseum 
Verttctlliun albo-atrum 


Zygorhynechus sp. 


NON=FRUITERS (384). 


15/25 killed BG Alga N.muscorwa and B Alga Yetracystis 
intermedtum 


6/25 killed V,muscorwn only 
4/25 killed neither 
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Table 42 - continued 


MYXOBACTERS CP=1 to CP-4 (88). 


BG Algae. Anabaena ambtgua 


MYXOBACTER 495 (127, 128, 209, 210, 307, 


G- 


A,catenula 
A.cylindrica 

A, flos-aquae 
A.osetllariodes 
Anabaenopsts cetreularts 
Cylindrospermum sp. 
Lyngbya SP- 

Microcystis sp. 


Nostoe catctcola 


A,radtobacter G+ 
A. tunefactens © 
Alealtgenes faecalis 
Arthrobacter atrocyaneus 
A.cttreus 

A, duodecadis 
A.globtformts 

A, ntcotantae 

A.oxydans 

A.pascens 

A,ramosus 

A, simplex Fungi 
A, tunescens 
E.colt 
A,atrofactens 
P,stutzert 


Rhtzobtum meltlott 


_ Xanthomonas phaseolt 


Actinos 


308, 


Nematodes 


Micro-organisms attacked by unidentified non-fruiting myxobacteria 


etre moran 


SAA I i 


NV. elitpsosporum 
N,muscorum 
Phormtdtum sp. 
P, foveoltarum 

P, lurtdum 
P.uneinatum 
Plectonema Spp. 
P,boryanum 

P, catothricotdes 


P.notatumn 


399, 433). 

B, subtilis 
C,instdtosum 

C .mtchtganense 
C,sepedonteum 

M, lysodetkticus 
N,corallina 

NV. globerula 
N,Opaca 

Sareina sp. 
S,aureus 

various 

Fusarium oxysporum 
Trichoderma Sp. 
Aphetenechus avenae 
Caenorhabditis briggsae 
Heterodera trtfoltt 
Panagretlus sp. 


Rhabditts oxyeerca 
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Micro-organisms attacked by unidentified non-fruiting myxobacteria 


MYXOBACTER AL-1I (106, 107, 108, 384). 

G- Arthrobacter spp. (6) Gt 
A, crystallopotetes 
Rhodosptirtllum rubrum 
Sptrtilun itersonit G.Alga 


S.serpens BG.Alga 


MYXOBACTER 18L (? Sorangiwn) (209, 210). 
Nematodes A,avenae 

C .briggsae 

H. LUT fOLtL 


MYXOBACTER SPP. (224, 225, 363) 
Phytopathogenic bacteria 


Fungi Vertictlltun dahliae 


Mierococeus qureus 
M, Lysodetkttcus 

S, lutea 

T, tntermedtun 


N,muscorum 


Panagvretlus sp. 


R.oxycerea 
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Pinoy (312) was the first to propose that a symbiotic or 
parasitic relationship existed between myxobacteria and true bacteria, 
and Beebe (23, 24) considered myxobacters as obligate eubacterial 
parasites, which is not the case, In 1946 Oxford and Singh (295) 
proposed that myxobacteria had a dual action on their prey, first an 
antibiosis and then lysis. This assumption that antibiotics might 
play a role in the initial phase of lysis was supported by Norén 
(283, 284) and later by Kiihlwein (233). It has since been shown how- 
ever (26, 222, 256, 290), that antibiotic activity is not necessarily 
associated with lytic activity. Although the mechanism of lysis of 
living bacteria by myxobacteria is still not completely clear (386), 
Kletter and Henis (222) have attempted to define the process in 
Myxococcus fulvus and M.virescens. The first stages in the lysis of 
attacked cells were the adsorption of the myxobacters on to the 
bacterial cells and then their aggregation by means of slime. Ad- 
hesionto the culture flasks then took place followed by lysis and 
the release of bacterial proteins. The myxobacters were in close 
contact with their prey and their lytic enzymes remained bound to 
the cells until after lysis was completed, when they were detected 
in the culture fiitrates. 

The enzyme systems cf some fruiting myxobacteria have been 
the subjects of detailed biochemical work. These include the cel] 
wall-lytic enzyme system of Myxococeus xanthus (387, 388), the mura- 
midase and protease of Chondrococcus coralloides (151, 152) and the 


bacteriolytic enzyme of Archangitun violacewn (176, 177). Haska and 
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co-workers have studied various bacteriolytic and proteolytic enzymes 
from M,virescens (156, 157, 158, 159). Two non-fruiting "Sorangiaceous' 
myxobacters are responsible for the two best known bacteriolytic 
enzymes from this group. The first is Ensign and Wolfe's organism 

(2? Cytophaga) Al.-1 which produces a cell wall-lytic enzyme (106, 107, 
108, 171, 184, 185), and the second fs Cook's isolate (? Sorangtum) 

495 (128) which elaborates both a- and B-proteases (5, 89, 197, 399, 
429, 430, 431, 432, 433). 

Oxford (294) first demonstrated that a culture of myxo- 
bacter (M,vtrescens) had antibiotic activity. A variety of fruiting 
members of this Order, including M.fulvus, M.lacteus, M.sttpitatus, 
M.virescens, Chondromyces blasticus and C.crocatus produce antibiotics 
that are effective against Gram positive bacteria, but facta against 
Gram negative ones (290). Nevertheless these same Gram negative 
bacteria are lysed rapidly, which demonstrates that no correlation 
exists between the antibacterial activity and the bacteriolytic 
capacity of these myxobacters. The potent wide~spectrum antibiotic 
"Myxin' is produced by the non-lytic, non-fruiting but high GC 
'Sorangiaceous' myxobacter strain Cook 3¢ (84, 129, 242). This 
purified antibiotic is active against Gram positive, Gram negative 
and acid-fast bacteria, actinomycetes, yeasts and many other fungi 
including phytopathogens and dermatophytes (Table 42). 

The anti-viral agent produced by M.virescens (206, 207, 208) 
may be of importance but there seems to have been no follow-up on 
these remarkable observations (100, 345). Bacteriocins have been 
detected in two species, Sporoeytophaga myxococcotdes (391) and 


Cytophaga (Chondrococeus) colwnmaris (10), 
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The unusual properties of the myxobacteria, and especially 
of the cytophagas, play a major role in the biochemical ecolegy of 
the soil and of natural waters, Cytophagas can be detected in most 
wet habitats that have been examined, and both aerobic and faculta- 
tively anaerobic species are known. Most significant is their 
decomposition of the structural elements and storage products of 
eukaryotic organisms, molecules which are often relatively resistant 
to breakdown by other micro-organisms. Their role in the humifica- 
tion of plant and animal remains in soil is now recognized (226, 227), 
and work is even in progress on the effects of herbicides on the 
activities of this group (241). The myxobacteria constitute a major 
group of slime-producing bacteria, and they therefore have importance 
in the stabilization of soil aggregates (425). Many other plant and 
animal wastes are recycled through the proteolytic activites of these 
bacteria, It has also been suggested that certain varieties of a 
Sporocytophaga species can act as indicators of the trophic levels 
of lake water (138, 139, 140). The discovery of the lytic and anti- 
biotic activities of the myxobacteria has given further insights into 


their unique role in the ecological balance. 


VIII.2. Selection of isolates for the present study 
The scarcity of named Cytophaga species available from 
culture collections is a hindrance to any taxonomic study of this 
group. The position is worse for the soil and freshwater species than 
for the marine ones (Table 43). tn addition the soil and freshwater 
forms were generally discovered earlier and many of the descriptions are 


really not adequate to allow comparison with present-day isolates (182, 
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378, 412). In this study an effort was made to acquire at least one 
named culture of each soil and freshwater Cytophaga reported to date 
(Table 1, pages 5-10). Nevertheless, representative cultures of 
only four of the 16 species and varieties so far described were able 
to be studied: two strains of C.hutehinsonit, two of C.johnsonae, 
and one each of C,johnsonae var. denttrtificans and C.suecinicans 
(Table 44), Three other strains were available but were not tested 
for the following reasons; the first culture of C.quranttaca NCIB 
8628 sent failed to survive lyophilization, however a subsequent 
slant culture is now growing well; the slant culture of C.psychro- 
pnila l44a received from Dr. E. J. Ordal failed to grow on any of 
the recommended or routine media; and the strain of C.cclwmarts 
has not yet been received. Type cultures for C.fermentans and 
C.hutchinsonti were suggested by Sneath and Skerman(_ 358) and 
Hendrie et al.(163), but none of these are still available from 
institutional collections. The replacement for NCIB 9469, the 
piogescke working type of C.hutchinsoniz (163) is NCIB 10782 which 
is represented here. Efforts to obtain other authentic cultures 
from over 400 Type Culture Cdlections and also from various authors 


were unsuccessful, 
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Four species of Flavobacterta have been implicated as pos- 
sible cytophagas, F.aquatile, F.heparinum, F.mentngosepticum 
F.peettnovorun, and one strain of each except F.mentngosepttcum 
were included jn this study so that they could be compared with 
present Cytophaga species and if necessary be transferred to this 
genus. Representatives of ten other Flavobactertum species were 
used for comparative purposes (Table 44), One freshwater strain of 
Flextbacter, namely FS-1 recently described by Simon and White (349) 
was also included. Seven other Flextbacter species and varieties 
have been described from freshwater and five of these are now available. 

Representative isolates from the arctic study (Chapter V) 
the yellow spreaders 1-10, 3-19 and 3-22, the yellow non-spreader 7-1, 
the pink spreader 9-1] and the pink non-spreader 5-9 were tested as 
well as strains used by Colwell, Cook and Quadling in their taxonomic 
analysis (see Chapter I11), namely the white iridescent spreader 9D, 
the pink mucoid ‘intermediate’ 3C which produces the wide-spectrum 
antibiotic 'Myxin"' (see page 234), and the yellow non=spreading 18H 
and 15D. The lattermost organism, 15D, has been shown to produce a 
lytic nematocidal enzyme (209, 210, 128). A further 34 interesting 
unidentified cytophaga~iike strains were studied and these comprised 
several yellow, brown and pink spreaders, one pink and one white non- 
spreader, a cream 'intermediate' 13B, and 16 cream ‘intermediates' 
known as '495 types', most of which had at least two colonial variants 
which were tested separately (Table 44). Included in this '495 group! 


was firstly, strain Cook 495 which has previously been regarded as a 
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24d, 
Sorangivm species and which produces a commercially important protease 
and is also nematocidal (see page 234 and Table 42).. Also included is 
strain Cook 18L, also previously identified as a Sorangtum (128). 
which has proteolytic and nematolytic activity (Table 44). Ensign 
and Wolfe's organism AL-1 (see page 234 and Table 44) is another mem- 
ber of the '495 group! and it produces an interesting cell wall-lytic 
enzyme (see page 234). A further 13 proteolytic Canadian soil iso- 
lates, numbers 4553 to 4565 inclusive also seem to be closely allied 
with this group. I!n all 65 organisms and 19 cultural variants of 
these were included in the study, and most of them have also been 


utilized for the colour and spreading studies (Chapter VII). 
VUL1 23% Methods 


Cell morphology 
1. Ceil length and width 
These were determined from living preparations examined at 
1000x from one day and three day liquid cultures grown at 25°C in 
Skim Acetate broth (Table 16, page 105). except for the Flavobacterta 


NCIB 8185, 8195, 8204, 8767, 8771 and 9157 which were grown in 


Penassay broth (Difco Antibiotic Medium 3). 


2. Cell shape, motility, arrangemen 
These were determined from one-and eight-day-old Skim Milk 
broth cultures and from wet mounts from two-day-old Skim Acetate 


plates, except in the case of certain Flavobacterta {see Method 1) 


which grew better in Penassay broth and on Difco Plate Count Agar (94). 
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Colony Morphology 
3. Form, elevation, and optical, surface and edge characteristics 
Descriptions (361) were made from single colonies grown on 


two day old Cook's Cytophaga (Table 16, page 105) Plate Count and Skim 


Acetate plates for five days at 25°C, 


4. Colour 
The Munsell notation for colour (see Chapter VII.1) was 

determined as follows. Standard mounds of bacterial cells were made 
by scraping up the total surface growth of a bacterial streak or giant 
colony, then mixing well with the loop on the agar surface. A bitob 
was then transferred to a flat, white, porcelain plate (the edge of a 
spot plate is ideal), and quickly shaped into a mound about one and 
one half millimetres high with a flat surface of at least four square 
millimetres, The mounds were compared immediately with glossy finish 
Munsell colour chips (277) under standard illumination, to forestall 


colour changes which occur on drying, 


5. Water soluble (diffusible) pigment 
_ The presence or absence of a brown water soluble pigment was 
determined on Cook's Cytophaga, Skim Acetate and Plate Count Agar for 


all organisms, and on numerous other agar media for many of them, 


6. Spreading ability, subsurface growth and slime layers 


The ability to swarm on an agar surface, and to spread within 
it, as well as the production of layers of slime ahead of the growth 


front were determined on many different agar media. 
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Growth in liquid media 


7. Turbidity, viscosity and flocculence 
These observations were made from cultures grown in 10 ml 
of Skim Acetate broth in a 50 ml flask shaken at 100 rpm for 18 hours 
at room temperature (about 25°C). The Flavobacterta mentioned under 


Method | were grown in Penassay broth. 


8. Flexing, silkiness, pellicle and ring formation 
Microscopical observation of flexing movement, and deter- 
mination of the silkiness of a culture when gently shaken, as well as 
the formation of rings and pellicles were made every day for 12 days 
and then on the 16th and 20th day from cultures grown in unshaken 
Skim Milk broth tubes (Table 16 page 105), and also from the one 


day shake flask cultures (Method 7). 


Physiology 
9. Salinity tolerance 

The dried surfaces of four Skim Acetate plates made up with 
0%, 1%, 2% and 3% NaCl respectively were inoculated in that order with 
a central streak of the test organism. Incubation was at 25°C for two 
weeks with readings of the growth, spreading and lysis being taken at 
seven and 14 days. 

JO. Anaerobicity 

Skim Acetate plates were inoculated with a single, central 

streak of the test organism and incubated for one week at room tenip- 


erature (about 25°C) in three different oxygen regimes. The first 
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group were incubated aerobically, the second in a candle jar (about 
10% 0) and the third were in a Gas-Pak anaerobic jar under hydrogen, 
At three and seven days estimates of the amount of growth and lysis 


were made, 


11. Temperature limits for growth 
Replicate Skim Acetate streak plates were incubated at 
temperatures ranging from 0° to 50°C for six days when the type and 
width of growth were recorded. The 0°C plates were incubated for 10 
days, and those at 35°C or more were wrapped in polythene bags to 


prevent excess moisture loss. 


12. pH range for growth 


Batches of Skim Acetate Agar were adjusted with HCI or NaOH 
to different pH levels before autoclaving and rechecked afterwards, 
When the surfaces had dried the plates were inoculated with spots of 
different test organisms, four per plate. Agar acidified to pH 3.9 
and 4.0 did not gel, and hence tests were carried out on pH 5.0, 6.0; 
7.0, 8.0, 9.0 and 10.0. Growth was estimated on a comparative basis 


after 5 days at 25°C. 


Carbohydrates 
13, Prototrophic growth 
Salts~-glucose agar plates were made with Hutchinson and 


Clayton's salt solution (174) (0.25% NaNO,, 0.1% K,HPO,, 0.03% MgSO), 


3’ 


pH 7.2-7.3) to which was added 


0.01% Call 0.01% NaCl, 0,001% FeCl 


27 ie 


0.1% w/v filter sterilized glucose and 1.5% agar. A duplicate set of 
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plates were made with the addition of 0.05% yeast extract. treak 
inoculations were made and jncubation was at 25°C, with readings at 


four and nine days. 


Va. 10 peteest 
Poured tubes of Board and Holdings medium (35) (0.5%, 
filter sterilized glucose, 0.5% agar, 0.05% NH), HoPO,, 0.052 KAHPO) » 
0.05% yeast extract, pH 7.2) were inoculated by stabbing with a thin 
wire. One set was sealed with about one centimetre of paraffin wax, 
and both were incubated at 25°C for 15 days. The colours of the test 


and control tubes were noted at one, four, 1] and 15 days. 


15. Sugars and alcohols 
Five sets of aerobic tubes of Board and Holding's mediuin 
(Method 14) were made, substituting 0.5% solutions of cellobiose, 
sucrose, lactose, glycerol and mannitol respectively for the glucose, 
After incubation at 25°C the colours of the test and control tubes 


were noted at one, four, 1] and 17 days. 


Polysaccharides 
16. Alginate, carboxymethy | cellulose and pectate 
Tubes of Hutchinson and Clayton's salt solution (Method 13) 
with 0.05% yeast extract and 3% sodium alginate (246, 355), 3% sodium 
carboxymethyl] cellulose Fisher grade 7 HSP (105, 246), or 3% sodium 
polypectate (Nutritional Biochemicals Corp., Cleveland, Ohio, Me Sia «) 


(355) were inoculated with the test cultures and incubated at 25°C. 
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Estimates of liquefaction were made at intervals up to one month in 
the test and control tubes after cooling them at 10°C for 20 minutes, 
when the sloppy gel in the control tubes had attained a firm consis- 
tency. Liquefaction was taken as evidence of alginase, carboxymethy] 


cellulase and polypectase activity respectively. 


17. Cellulose 
Strips of Whatman #1 filter paper 1 x 10 cm (255, 373) were 
placed in Skim Acetate broth tubes which were then inoculated and 
incubated at 25°C. The contro] organism, C.hutchtnsonii, took about 
12 days to break the paper strip at the air/water interface, Observa- 


tions on the test organisms were made at intervals up to 30 days. 


18. Agar + yeast extract tubes 
Tubes of 1.5% Bacto-agar containing 0.05% yeast extract 
only were inoculated and left at 25°C, Growth of the cultures and 


any softening of the agar were noted at intervals for 40 days. 


19. Gelase field 
The appearance of 'gelase fields' around the colonies after 
flooding a plate with iodine is regarded by some workers as a reli- 
able test for agar decomposition (142, 371, 408). Skim Acetate plates 


were used jin the present study. 


20, Chitin 
Chitin agar was made with 40 mls of an hydrolysed chitin 
solution and 10 grams of agar per litre of water (143, 247, 330). 


This produces a slightly milky gel within which digestion of the 
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chitin can be seen as a clear zone around the organism, A duplicate 
set of plates with 0.05% yeast extract added was also used. Inocu- 
lated plates were kept in a damp chamber at 25°C for 40. days, and 


the growth and clearing were noted at intervals. 


4 ee Salts-yeast extract-starch plates 


Two percent Fisher 'soluble' starch, 0.05% yeast extract 
and 1.0% agar were added to Hutchinson and Clayton's salt solution 
(Method 13) (361). »Streak-inoculated plates were incubated for four 
days at 25°C when growth and hydrolysis (iodine reaction ) (246) were 


noted, 


22, Nutrient Broth-starch tubes 
Two percent Fisher 'soluble' starch was added to Bacto 
Nutrient Broth solution (361). After incubation at 25°C growth, pH 
and hydrolysis (iodine spot test) were recorded at five, eight, 16 


and 25 days. 


23. Potato Infusion Agar 
This standard medium for estimating the colour of micro- 
organisms (361) was made up as follows: mashed potato 204, glucose 


0.5%,.agar.J.54,, CaCO, 0.32, (NH)) SO), 0.1%, After eight days at 


3 
25°C the Munsell colour (Method 4) and the hydrolysis of starch 


(iodine test) were noted for the test organisms. 


Proteolysis 


24, Gelatin liquefaction 


Tubes of 12% gelatin (361) were stab-inoculated and then 
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incubated at 25°C for 24 days. At various intervals the tubes were 
cooled at 10°C for one hour to set unaltered gelatin, and then the 


depth of liquefaction measured, 


25. Haemolysis 
Blood Agar plates (361) were inoculated with the test cul- 
tures in a manner to produce single colonies and then incubated at 


25°C. Growth and haemolysis were noted at two and 12 days. 


Doe fhyois Or Mili 
The number of days taken to clear Skim Milk broth (Table 
16, page 105), and the presence or absence of a lytic zone around the 
culture when grown on Skim Acetate Agar, after incubation at 25°C 


was recorded, 


27. Casein broth 
Duplicate tubes containing only 0.5% Fisher casein were 
inoculated and incubated for one month at 25°C, Growth and ammonia 


production (Nessler's reagent) were recorded at 14 and 28 days. 


28. Casein plates 


Plates of 0.5% Fisher casein in 1.5% agar were streaked 
with the test cultures and incubated for one week at 25°C, The type 
and amount of growth, and clearing of the casein were noted at three 


and seven days. 


29. Salts-casitone broth 
A medium containing 2.0% Bacto-casitone, 0.2% MgSO), 0.1% 


KAHPO), and 0.06% KH PO, adjusted to pH 7.6 was used, Observations 
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on growth, ammonia production (Nessler's reagent) and pH were made at 


seven and l/t days in duplicate tubes, 


30. Salts=-casamino acids broth 


A solution of 1.0% Difco vitamin-free casamino acids, 0.1% 


K,HPO, , 0.05% KNO,, 0.02% MgSO F 0.01% NaCl and 0,001% FeCl adjusted 
rf : h 


2 3 
to pH 7.0 to 7.1 was employed. Two tubes were inoculated with each 


organism, and growth and ammonia production (Nessler's reagent) were 


recorded at three and seven days. 


oe ee 
Cultures were streaked on Cook's Cytophaga agar (Table 16, 
page 105) and incubated at 25°C for 4 days, when the quality of growth 


and spreading were observed, 


32. Ammonification in Penassay broth 
Duplicate open tubes of Penassay broth (Difco Antibiotic Medium 
3) were inoculated and incubated at 25°C fer 11 days. Growth, pro- 


duction of ammonia (Nessler's reagent) and pH (bromthymol blue) were 


recorded at four and 11] days. 


Nitrogen sources 
33. Ammonia 
Board and Holding's medium (Method 14) without the yeast 


extract was used and the colour of the medium was noted at intervals 


up to 17 days. 


34, Jrea 


‘The medium (131) was made up of two parts. Solution A 
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consisted of Ig K HPO), 0.29 MgSO), 0.1lg CaCl] O.lg NaCl, 0.0lg 


Z Zz" 


FeCl, and 15g agar in 900 mls distilled water, adjusted to pH 6.8-7,.0 


3 
and autoclaved. Solution B contained 20g urea, 5g glucose and 10 ml 
of a 2% bromthymol blue solution in 90 mls distilled water, and was 

Filter sterilized before adding it to the cooled solution A prior to 


pouring plates. Growth and pH changes from streak inoculations were 


recorded at six, 12 and 20 days after incubation at 25°C. 


35. Amino acids 
Hutchinson and Clayton's salts medium (Method 13) minus the 
NaNO, was supplemented with either 0.1% monosodium giutamate or 0.1% 
sodium asparaginate, and gelled with 1.5% agar. A filter sterilized 
glucose Eoneion was added to the cooled, autoclaved medium to a final 
concentration of 0.1%. Growth of the spot inocula , four per plate 


was noted at four and nine days. 


Miscellaneous biochemistry 


36, H,S from cysteine 


— 


—_ 


Tubes containing 0.01% cysteine hydrochloride (361), 
sterilized by filtration, in Skim Milk broth were inoculated with the 
test organisms. Dried strips of filter paper impregnated with a 5% 
lead acetate solution were folded over the tip of the tube, which was 
capped as usual, Blackening of the paper strip, owing to the formation 


of lead sulphide, indicated H,S production (246). 


37. Catalase production 


Various plates were flooded with 10% hydrogen peroxide (361). 
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Copious evolution of bubbles was evidence for catalase activity and 
hence presumptive aerobicity, 

38._ Oxidase production 
A solution of 0.1 gm tetramethy]-para-phenylenediamine 

dihydrochloride in 10 mls distilled water (228) was allowed to stand 
for 15 minutes and then drops were placed on a piece of Whatman #] 
filter paper. Test colonies from various agar plates were smeared 
on the reagent~-saturated paper. If oxidase was present a dark purple 


colour developed rapidly (18). 


39, Denitrification in open’ tubes 
Duplicate open tubes of Penassay broth (Difco Antibiotic Medium 

3) containing 0,1% KNO, (6) were inoculated and incubated at 25°C 

for I! days, Spot plate tests for ammonia production (Nessler's 

reagent), pH (bromthymol blue), nitrate and nitrite (acidified di- 

phenylamine) and nitrite (acidified Eeorecart ss reagent) and a hot 

wire test for nitrogen gas bubbles were carried out at four and |] 

days. A similar series of tests was done with tubes containing 0.1% 

KNO., and these were all compared with the Penassay tubes used to 


estimate growth and ammonification (Method 32). 


ho, Denitrification in anaerobic system 


DIN Te ETE 


Duplicate tubes of Penassay broth containing 0.1% KNO, 
were inoculated with the test cultures and incubated anaerobically in 
Gas-Pak jars under hydrogen. Tests for growth, ammonia production, 
pH, nitrate and nitrite were carried out as above (Method 39), and 
the results were compared with those from the open tube tests (Methods 


32 and 39), 
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41, Phosphatase production 

Twenty mls of a filter sterilized 0.5% phenolphthalein 
diphosphoric acid solution were added to 1 litre of routine Skim 
Acetate agar just before pouring plates, to give a final concentra- 
tion of 0.01% (19). Cultures were spotted four per plate and after 
four days incubation at 25°C the pilates were exposed to ammonia 
vapour. Colonies producing sufficient phosphatase to liberate free 


phenolphthalein became bright pink, others were unchanged, 


42, Formation of indole 
A small amount of Kovac's reagent (361) was added to 14 and 
28 day-old casein broth cultures (Method 27), and to seven and 14 
day-old casitane broth cultures (Method 29). After mixing and stand- 
ing for up to half-an-hour a red colour at the interface indicated 


the formation of indole from tryptophan. 


43, Stimulation by yeast extract 


The results from two sets of tests were compared: 


salts + glucose + yeast extract (Method 13) 


chitin + yeast extract (Method 20). 


Antibiotic and antibacterial sensitivities 
4h, Sodium lauryl sulphate (S.L.S,) 
Streak inoculations were made on the three groups of Skim 
Acetate Agar plates containing 0%, 0.01% and 0.1% S.L.S. respectively 
(71) and incubated at 25°C. Growth with $.L.S. was compared with 


that on the control plate at two and five days. 
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45. Chloramphenicol, dihydrostreptomycin, penicillin and polymyxin B 
A sufficient amount of an overnight Skim Acetate broth cul- 
ture of a test organism was spread with a bent glass rod on the surface 
of a Skim Acetate plate to form confluent growth. After the surface of 
the plate had dried BBL discs of four antibiotics of the following con- 
centrations were placed firmly on the agar; chloramphenicol 30 ug, di- 
hydrostreptomycin 10 ug, penicillin G@ 10 units and polymyxin B 300 
units. The diameters of growth inhibition were noted after two days 
Bite « 
46. Actinomycin D 
Four sets of discs were made containing 0.1, 1.0, 10 and 
40 wg/disc of actinomycin D respectively. These were placed on the 
dried surfaces of Skim Acetate plates previously inoculated with the 
test tess a as in Method 45, . The results were read at two and 


t hree days after incubation at 25°C, 


47, Nitrite 
Growth in the Penassay + NO, denitrification tubes (Method 
39) was compared with that in the Penassay tubes (Method 32) to see 


if nitrite inhibition had taken place, 


Antimicrobial lytic action 
48, Bacteria 
A selection of five bacterial species, E.coli, Pseudomonas 
aeruginosa 9027, Arthrobacter sp. 4165, Serratia mareescens and 


Bacillus subtilis, was used to screen the lytic activity of the 
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test cultures against bacteria. Tests were made in a manner similar 
to antibiotic disc sensitivity tests, using one drop of an overnight 
Skim Acetate shaken culture of the 'predator' on a lawn of the 'prey' 
organism. The Flavobacterta mentioned under Method |] were grown in 
Penassay broth. Two sets of Plate Count plates were used for each 
'prey' bacterium, the lawns being allowed to grow for one hour and 
for two days respectively before inoculation with the potentially 
lytic test: organisms. After;one, three and eleven days at 25°C 


growth of the 'predators' and lysis of the 'prey' were determined, 


4g. Fungi, actinomycetes and an alga 


The lysis of autoclaved yeast cells was examined on Yeast 
Agar plates (Table 16, page 105). The test cultures were streaked 
down the centre of a plate and after four days at 25°C the growth 
of the cultures and their lytic action were noted. 

The lytic spectrum of the test cultures was estimated on 
the fungi Pentetliium notatun, Rhizopus sp. and Selerotinta 
elerottorum, two actinomycetes, 4432 which produces a brown water- 
soluble pigment, and 4441 which does not, and on the green alga 
Chlorella sp. These organisms were on Plate Count agar and 
were tested in the same manner as the bacteria (Method 48), However, 
these 'prey' organisms were allowed to grow for one and for four days 
respectively (two weeks for Chlorella) before drops of the potential 


"predator! broth cultures were added, 
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Vill.4. Results and Discussion 


Diséuss lon‘ oF the tables of results 

Tables 45-53 inclusive summarize the results of the morpho- 
logical and biochemical tests. Detailed information Is available but 
was considered too voluminous for inclusion here. Comments on each 
of the tables follow. 
Table 45, Cultural characteristics 

The majority of the organisms in the study were of course 
Gram negative, with the exception of four Flavobacterta which were 
consistently Gram positive, and three Flavobactertia, 7-1 and 402 which 
gave variable reactions. Motility of the flagellar type was observed 
only in some Flavobacterta and also in the purported Cytophaga | 
succinicans RL8. The 'spreading' organisms were generally very long, 
thin and flexing, the exceptions being the medium-length but very 
thin C.hutchinsontt strains, and the fatter, shorter, nonflexing pinks! 
PC15 and 9-11, The 'intermediate' group were thin, medium length rods 
except for 495, Al-1 (i), 4565 (ii) and 13B which attained greater 
lengths. Most of these demonstrated flexing. The 'nonspreaders' 
were very mixed in these respects. As expected al] of the spreading 
and intermediate organisms except C.,hutchinsontt, PC15 and 9-11 were 
silky and flexuous in liquid medium but most of the nonspreaders 
were silky too, and a few were also flexuous. Extracellular slime 
or gum produced by the intermediates, most of the 'pinks' (PC15, 9-11, 
14), 402 and F,devorans caused a noticeable rise in viscosity In 


liquid media, 
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Ring or pellicle. R = ring, P = pellicle seen at least once. 

WSP, Brown water soluble pigment always seen (+), occasionally 
seen (+), or never seen (-). 
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Slime layers 
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Brown water soluble pigments were observed consistently in only five 
organisms, 2, D, 6, 4541 and 3C, but were also produced by all of the 


intermedjates and two others especially in older cultures, 


Table 46, Physiology. 

Most of the bacteria studied were typical mesophites having 
optima between 20° and 30°C, however A 15, 3-22 and F.restnovorwn 
had lower ranges, The intermediate group showed a general tendency 
for higher maximum and optimum temperatures, as did a number of the 
Flavobacterta. The four 'browns' (2, D, 6 and 4541) and three of the 
Flavobacterta had higher temperature optima of 35-40°C. The pH range 
of most of these organisms was relatively wide with a general prefer- 
ence for alkalinity. Two organisms, 9D and 5-9, grew best only 
around neutrality, and six.(3-19, 3-22, PC 15, 3C, 7-1 and 14) were 
acidophilic. 

None of the organisms grew on Skim Acetate Agar In the 
absence of oxygen, but many of the spreaders and nonspreaders pre- 
ferred a lower oxygen tension than is present in the atmosphere, All 
except one (21123) of the spreaders and intermediates were at least 
partially inhibited by NaCl concentrations less than that found in 
seawater (roughly 2.5%). However a number of the nonspreaders grew 


quite well with 3% NaCl. 
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Table 46 
Physiology 
Temperature pH 0, NaC1% 
5 
Organism Opt. Opt. Partial Complete 
Range Opt. Range Opt. growth lysis* Inhibition 


Spreaders 


ATCC 17061 | 10-35 30 low 0, low 0, 2 3 
405 8-35 low 0, low 0, l 2 
Alfalfa 0-30 low 05 0, 1-2 Zz 
Bryant 18-40 low 0, low 0, | i 
A 15 0-25 6-10 6-10] low 0, low 0, ] 2 
B-2-25 0-30 5-10 6-10] low 05 low 0, ! 3 
E-]-25 C-30 5-10 6-9 low 05 low 05 ] 2 
HoO0-1A 0-25 20; 6-10 6-10! low 05 low 0, l 3 
1-10 0-30 20| 5-10 5-10 05 0, 2 >3 
3 0-35 30; 5-10 5-101} low 05 low 0, ] 2 
3-19 5-30 49 OE eel |” Na low 0, 0, 2 3 
3-22 0-30 10} 5-10 6 low 0, low 05 1-2 7 
433 0-30 18; 5-10 5-10} Tow 0, low 0, 1 3 
4539 0-30 18-20} 5-10 5-10; low 0, low 05 | 3 
4707 0-30 18-25} 5-10 5-10} low 05 low 05 ] 2 
NCItB 9059 0-30 18-20; 5-10 5-10} low 05 low 05 1 3 
FS-] 15=35 25| 7-10 7-10] tow 05 iow 0, <] 1 
Stanier 6 20=35 25-35 0, - 1 2 
NCIB 10782 20-35 20-30 05 - ] 2 
Ps 15-40 LO} 5-10 5-10 05 0. l 2 
D 15-35 30-35) 5-10 5-10) low 0, 0, 1 2 
6 20-40 LO} 6-10 6-10 0, low 0, <] ] 
Ok] 15-40 ho} 5-10 7-10 0, 0, ] Z 
PG> | 5 10-30 25} 5-10 5-8 low 0. 0, 12 m 
9-11 10-30 20] 6-10 6-9 | 2 
9D 10-40 18-30} 5-10 6-8 low 05 low 05 ] Z 


“Denotes clearing of milk. 
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Table 46 - continued 
Physiology 


Temperature pH 0, NaC1% 
Organism : Opt. Opt. Partial Complete 
Range Opt. Range Opt. growth lysis Inhibition 

Intermediates 
495 10-35 30 B10). 51.010, low 0, 1 3 
Al-1 (i) 5-35 30 7-10 7-10} low 0, 0, 2 3 

(ii) 5-35 30 6-10, 6-101)'0, low 0, ] 3 

(iii) 5-35 30 6-10 6-10} 0, 0, 1 3 
ATCC 21123 | 10-35 30-351) 5-10 510k G, 0, 3 >3 
[oat ¥ 10-40 30 6-10 6-10) 0, 0, 2 »3 
18 iW 10-40 30 5-10, 5-101 0, 0, 2 >3 
4553 (i) 10-35 30 5-10 5-10) 0, 0, 2 >3 
4553 (ii) 10-35 25 6-10 6-10) 0, 0, 2 >3 
LoS 10-40 35 S10) “S101G low 0, 2 »3 
4555 (i) 10-40 25 5-10 5-10} low 0, 0, 2 3 
4555 (ii) 10-35 25 5-10 5-10} low 0, 0, 1 3 
4556 (i) 6-35. 30-3514 or 10) Selon 0, 0, 1 3 
4556 (ii) 10-35 30 6-10, 6-101) 0, 0, 2 3 
4557 (i) Sip hpi gee) a-10 5-10] 0, 0, 1 5 
4557 (ii) 10-35 30 6-10 7-10) 0, low 0, 1 & 
4558 (i) 5-40 30 6-10 6-10} 0, 0, ] 3 
4558 (ii) 10-40 35 7-10 7-10} 0, low 0, 1 3 
4559 (i) 10-40 35 6-10 6-10] 0, 0. l 3 
4559 (ii) 10-40 25-35) 6-10 7-10} 0, 0, l 3 
4560 (i) 10-40 30-35} 6-10 6-10] 0, 0. 2 »3 
4560 (ii) 10-40 20 7-10 7-10} 0, low 0 ] >3 
4560 (iii) 10-40 25-35) 7-10 7-10] low 0, low 0, ] »3 
4561 (i) 10-40 25 6-10 6-10] 0, 0, ] 3 
4561 (ii) 10-35 35 7-10 7-10] low 0, 0, ] 3 
4562 (i) 10-40 20-30) 7-10 7-10] 0, 0, 1 3 
4562 (ii) 10-40 25 6-10 6-10] 0, 0, ] 3 
4563 (i) 10-40 30 6-10 6-10] 0, 0, ] 3 
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Table 46 ~ continued 


Physiology 

Temperature pH 0, NaC 1% 
Organism ‘ Opt. Opt. Partial Complete 

Range Opt. Range Opt. growth lysis Inhibition 
4563 (ii) | 10-35. 30 | 6-10 6-10] aa eae 
4564 (i) 10-40 25 6-10 6-10) 0, 0, ] 3 
4564 (ii) 10-40 25 6-10 6-10) ?low 0, low 0, | ] 3 
4565 (i) 10-40 10-35} 7-10 7-10 05 05 } »3 
4565 (ii) 10-40 25-30) 7-10 7-10) 0, 0, 2 >3 
13B 8-35 30 5-10 5-10 0. 0. 3 
3C 10-40 25 5-10 5 low 05 0, Z 3 
Nonspreaders 
7-1 0-40 30 5-10 6 0, 0, »3 »3 
15D 8-35 25-30; 5-10 6-9 07 low 0, ! 3 
18H 8-35 25 ar tOl nod iow 0, low 0, 1 5 
NCIB 8186 15-40 25-40} 5-10 5-10 0. 05 3 >3 
NCIB 8187 15-40 30-35} 5-10 5-10} low 0, 0, g >3 
NCIB 8188 aj 10-40 35 7-10 7-10} low 0, 05 2 aS. 
NCIB 8188 b{| 10-40 20-40] 6-10 6-10] low 0, 05 2 »3 
NCIB 8195 10-40 35-40} 7-10 7-10] low 05 = >3 »3 
NCIB 8535 15-40 25-35] 6-10 6-10} low 0, low 0, 3 »3 
NCIB 8767 5-25 15-20] 6-10 6-10 05 0, 1-2 2 
NCIB 8771 15-35 25-35] 6-10 6-10} low 0, = l Z 
NCIB 8992 10-35 30 7-10 7-10] low 0. 0. 2 3 
NCIB 9157 aj 10-35 10-25} 6-10 6-10] low 05 - ] 3 
NCIB 9157 b{ 10-35 35 6-10 7-10] low die 1-2 2 
NCIB 9290 10-35 20-35} 7-10 7-10] low 0, = 3 >3 
NCIB 9324 10-55 92055 [710 8710117 6, 0, 3 »3 
RL 8 10-35 15-30} 6-10 7-10] ? 0. - 3 » 3 
NCIB 8185 10-40 35 6-10 6-10] low 0, 0, >3 » 3 
NCIB 8204 10-40 20-35}5-10 5-10] low 05 = >3 »3 
=o 10-40 30 6-16 6-8 | low ot 1-2 2 
14 10-35 20-30] 6-10 6 low 0, - <] | 
4O2 10-40 20 6-10 6-10 0, 0. 2 3 
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Table 47, Use of carbohydrates, 

All of the tested organisms with the exception of PC 15 
and 9-11 could use glucose aerobically, although a few showed no 
growth in Board and Holding's medium, and some showed no pH change 
probably due to the use of the acids as soon as they were formed 
173). few spreaders and Flavobacterta were also capable of fer- 
menting glucose. Cellobiose was utilized by about nine tenths of 
the cultures, with the notable exception of the 'browns', most of 
the 'pinks' (PC 15, 9-11 and 14), 15D and 18H and F.aurantiacum, 
The cellobiose-negative organisms were also unable to use the other 
sugars tested. About three fourths of the isolates could use sucrose 
and lactose, the ability to use one being generally parallelled by 
the ability to use the other, The use of the alcohols glycerol and 


mannitol was mostly confined to the Flavobacterta. 


Table 48, Use of polysaccharides. 

Cellulose in the form of filter paper was only degraded 
by the two strains of C.hutchinsontt, but many more cultures lique- 
fied carboxy methyl] cellulose, including many of the spreaders, all 
of the intermediates and a few of the nonspreaders. Starch was 
used by all of the spreading organisms except C.hutehinsontt and by 
some of the nonspreaders, but none of the intermediates nor RL8 and 
402 could use it. Chitin was decomposed by most of the Spreaders, 


all of the intermediates and by 15D, 402 and F.restnovorun, 
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Table 47 


Use of carbohydrates 


Ability to use glu- 
cose as C source with 


NO, NO, NH, NH, Urea ae ages Alcohol s* 
Organism YE +YE Che suet hacen atyer Mani. 
ere ree te re eee hy — peer 

Spreaders 

ATCC 17061 - + + + 0, slow F “thag- + = es 
405 Pre. + - 0 + + “ ~ 
Alfalfa + + + + + 0 + + + %+slow + 
Bryant he = - OF + + 2?+slow - 

(ON sy + + + + - 0 we it ae 2 
B-2-25 ee eee ee eee + + +: = 
E-1-25 + + + + - OF es - 4 2 
H,0-1A + + + + - 0 - « = 3 = 
1-10 + + + + a 0 ety act + a = 

3 + + + + - 0 + + + - - 
3-19 - + + + ~ 0 + + ??+slow - - 
3-22 - + : ee + 0 + + + - 3 
4433 + + + os - 0 + = + - - 
4539 i ee ee “ 0 Ace é a 
4707 a a. a ee + + + ?+slow - 
NCIB 9059 + + + + 0 eo Fe = * 
FS-1 + + + + + 0 LS p + - - 
Stanier 6 + + - 0 oa 2 - + 
NCIB 10782 - os + + + 0 + = - - = 

2 + + + + - 0 - - - - - 

D + + + - 0 = = ve = 

6 - + +slow?+ -  Nogrowth = - + = = 
Sh] + + + + - 0 - o- - - - 
PC 15 oie nt eno No actfon ¢ <> = = - 
pa - + = fh oon Bonart [Ones Oise - _ = 
9D OD Ps AP heey ee - OF 97+slow = + + - 


5. =cellobiose, Suc. = sucrose, Lac, = lactose, Glyc. = glycerol, 
Mann, = mannitol. 
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Table 47 = continued 
Use of carbohydrates 


Ability to use glu- 
cose as C source with 


Sugars Alcohols 
NO. A NH NH Urea OS F. 
Organism +YE +YE Cb. suc. bac. -Glyc. Mann. 
EL gg OE ANETTA A Ny i 
495 + + + + - 0 + + 4 - ~ 
AL-1 (i) = - %+ - Novection (F.(> {+ - - 
s low slow 
(ii) ee eer ee yy (aoraction At Sh + - = 
slow 
(iii) - + - 2+ - No action 2+ - 2+ - ~ 
slow slow 
ATCC 21123 + + + + + 0 es + - - 
rok ¥ + + + + + 0 + + + - + 
18L W + + + + + 0 + + + ~ - 
4553 (i) ares a - 0 cae - - 
4553 (ii) + + tee + - 0 a: ee - - 
S54 + + + + - Q + + - - ~ 
55S (i) + + + + - 0 + + + ~ ~ 
4555 (ii) + + + + « % + + 2 - - 
4556 (i) + + + + - 0 + + + - - 
4556 (ii) + + + + - 0 + + + - - 
4557 (i) + + + + ~ 0) + + - ~ ~ 
4557 ( ii) + oe Oe | + + + - = 
4558 (i) + + + + - 0 + + + - “ 
4558 (ii) + + + + - 0 + + ~ - - 
4559 (1) + + + & & 0 + + + - os 
4559 (ii) + + + + - 0 + + + - ~ 
4560 (i) + + + + - ) + + + - - 
4560 (ii) + + + + - 0 + + + - ~ 
4560 (iil) + + + + - 0 + + + - ~ 
4561 (i) + + + + - a) + + ~ - - 
4561 (ii) + + + + ~ 0 + + + - - 
4561 (iii) + + + + - ) + + + - - 
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Table 47 - continued 


Use of carbohydrates 


Ability to use glu- 
cose as C source with 


Sugars Alcohols 
NO. ye NO NO, Urea O oF. 
Organism <i +YE Cb. Suc. hac. Glyc. Mann. 
4562 (i) Srey eee aL ee 
4562 (ii) + + + + - 0) + + + - - 
4563 (i) + + + + - 0 naa ar ee as z 
4563 (ii) + + + of - 0 eae * + = = 
4564 (i) + + + + - 0 + + + - ~ 
4564 (ii) + + + + - 0 + + + - - 
4565 (i) $4.4 5 gow he <7 0 + + + - - 
4565 (ii) + + + + = 0 + + + fe Ss 
13B - + + + 0 + + cs - = 
3C + + + ib + 0 e; = = B. 
Nonspreaders . 
7-1 ian ts 5 ale" + 0 ore ear - + + 
15D Se Se a - No action - ??+ = ~ - 
s low 
18H - + +slow ?+ - No action = - - - ~ 
NCIB 8186 - + + + + 0) + + + + = 
NCIB 8187 - + + + + 0 core + rs a 
NCIB 8188 a - + + + + QO + + + + = 
NCIB 8188 b - + oe + 0 cee = r - 
NCIB 8195 - + +, + + 0 + + + - <= 
NCIB 8535 - + + + + 0 See + aie is 
NCIB 8767 - + + + 4 0,slowF eu)" = = pS 
NCIB 877] ee nat. AB OF ?+slow = 7 + + 
NCIB 8992 - + + + - OF + + - “ = 
slow 


OS. 
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Table 47 - continued 
Use of carboyhydrates 
Ability to use glu- 


cose as € source with 
Sugars Alcohols 
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Table 48 


Use of polysaccharides 


Cellulose Starch Chitin Agar Algi- Pec- 

Organism CMC Paper SYS S=-NB Potato Tubes Gelase nate tate 
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Table 48 - continued 


Use of polysaccharides 


Cellulose Starch Chitin Agar Algi- Pec- 
CMC Paper SYS S-NB Potato Tubes Gelase nate tate 
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Table 48 - continued 


Use of polysaccharides 


Cellulose Starch Chitin Agar Algi- Pec- 

Organism CMC Paper SYS S-NB Potato Tubes Geiase nate tate 
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As expected, none of these non-marine isolates softened 
agar, but all but one displayed a gelase field with the iodine test 
on agar plates. This reaction does not therefore correlate with 
agarolytic activity and the most likely explanation is that the organ- 
isms excrete some compound which interferes with the iodine reaction. 
Problems were encountered with interpretation of the pectate degrada- 
tion test, hence the large number of doubtful results. Liquefaction 
was definitely shown by nearly half of the spreaders including 
F.peettnovorun, and by a few of the other cultures, but it did not 
seem to be correlated with any particular groups. Degradation of 
alginate was limited to the members of the 495 group (the inter- 
mediates minus 13B and 3C), with the exception of the two varieties 


of 18L. 


Table 49, Proteolysis. 

All of the organisms tested were proteolytic except 
C.hutehinsonit. Most of them were strongly active on a wide variety 
of protein media except for the browns (2, D, 6 and 4541), the 'pinks! 
(PC 15, 9-11, 5-9 and 14), most Flavobaeteria and RL8 which had more 
limited abilities. Milk was lysed (cleared) especially rapidly by 
the 'browns', Flextbacter FS-1, 9D, many of the intermediates, 15D 
and 18H, The intermediate group was also strongly haemolytic. The 
only two media which supported the growth of all proteolytic organ- 
isms were tryptone (Cook's Cytophaga Agar) and casitone + N-free 


salts. 
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Table 49 


Proteolysis (proteins used as both C and N source) 
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Casamino Casitone 


Casein 


Table 49 = continued 
Penassay 


Proteolysis (proteins used as both C and N source) 
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Table 49 = continued 


Proteolysis (proteins used as both C and N source) 
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Table 49 - continued 


Proteolysis (proteins used as both C and N source) 


Penassay Casein Casamino Casitone 
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Table 50. Nitrogen sources and necessity of vitamins. 

All of the isolates except PC 15 and 9-11 could use glucose 
(Table 47) therefore this was used as a carbon source for the first 
group of N source experiments. Ammonia was able to be used by al] 
organisms that assimilated glucose readily, but NO, was utilized by 
fewer of them, namely many of the spreaders, nearly all of the inter- 
mediates but none of the Flavobacteria. Urea was used by only one 
third of the spreaders, five of the intermediates but by all except 
three of the nonspreaders. 

Generally speaking all of the organisms, except C.hutchinsontt 
of course, could obtain both their carbon and nitrogen from the single 
amino acids and single proteins tested, The non-spreaders were a 
little more exacting, and this ties in with their generally more pro- 
nounced need for vitamins. The ability to synthesize their own growth 
factors was characteristic of tke intermediates, although a few other 


organisms from both groups were also self-sufficient. 


Table 51. Miscellaneous biochemical tests. 
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spreading organisms, but by only two of the intermediate group. Most 
of the organisms in the study produced catalase, the exceptions were 
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may have been handicapped by the conditions of thé exper Inert as it 


is recorded as positive in Bergey's Manual, Oxidase was elaborated 
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Table 50 


Nitrogen sources and necessity of vitamins 
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Table 50 - continued 


Nitrogen sources and necessity of vitamins 


Yeast extract 
Glucose=C source No other C source needed 
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Table 50 - continued 


Nitrogen sources and necessity of vitamins 


Yeast extract 


Glucose=C source No other C source ee oc 
Organism NO, NH, Urea Glues Asp. Tryp. Geli] giucose Chitin 
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Table 5] 


Miscellaneous biochemical tests 
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Table 51 - continued 


Miscellaneous biochemical tests 


Denitrification Indole 
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Table 51 - continued 


Catalase 
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Table 5] - continued 


Miscellaneous biochemical tests 
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The complete denitrification process, NO, —>? NO, > gas 
(probably N,0 as no bubbles were released), was carrjed out by the 
spreaders C,johnsonae var. denttrificans 405, 3, 3-19 and 9D, and 
by most of the intermediate group, but none of the nonspreaders had 
this ability. Thirteen organisms representing al] of the three 
groups were capable of reducing nitrate to nitrite only, and there 
were three organisms (C. johnsonae 17061, 15D and 18H) which did not 
possess a nitrate reductase but which were able to denitrify NO. to 
an unidentified gaseous product. In the cases of 15D and 18H thls 
end product has previously been identified as N,0 (83), a highly 
soluble gas which is not released as bubbles when a hot loop is 
immersed in the culture medium, It is very sianificant that 
C.johnsonae 17061 was able to utilize NO. but not N03, because this 
has an important bearing on the taxonomy of this species (see page 
314). It is interesting to note that the isolates 405, 3-19, 3-22, 
9D, 8771, 9157 and RL8 were not able to use NO. as an N source (Table 
50) but were able to denitrify It. 

Nitrate could be used as an alternate electron acceptor by 
29 of the 84 isolates and hence these organisms, which were from all 
groups -but were mostly spreaders, are facultatively anaerobic when NO, 
is present. Only seven of these 29 were fermentative on Board and 
Holding's medium: (Table 47), There were also six organisms which 
were fermentative but did not use ees anaerobically. It should also 
be noted that ten organisms (405, 3-19, 3-22, PC 15, 9-11, 9D, 7-1, 


8771, 9157 and 9290) were not able to use NO. as an N source (Table 


50) but were able to use it as an alternate electron acceptor, 
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The phosphatase test was positive for all of the spreading 
and intermediate organisms, (except for one strain of C.hutehinsonit 
which did not grow well in phosphatase medium), and for all of the 
nonspreaders except for three Flavobacteria and RL 8. Indole was 
only produced by four organisms, by 15D and 18H on both media employed, 
and by one strain only of F.suaveolans 8992 and 5-9 in casein broth 


alone, 


Table 52. Antibiotic and antibacterial sensitivities, 

All except a very few of the organisms used in this study 
had their growth reduced by the presence of 0.01% or slightly more 
of sodium laury! sulphate, and were completely inhibited by 0.1% 
S.L.S. The spreaders were slightly more sensitive than the other 
two groups, and the pink organisms PC 15, 9-11 and 14 were especially 
sensitive, being inhibited completely at the 0.01% level. Six of the 
intermediates, F.rhenanum and 402 were more resistant than the rest, 
and F,proteus was not affected by even the strongest concentration 
of 'S.L.S. used. 

Warke and Dhala (423) reported that three out of 12 species 
of Cytophaga were sensitive to 25 ug of chloramphenicol, and in this 
study the reaction to 30 ug discs of chloramphenicol was also mixed, 
half of the isolates being susceptible and one third resistant. The 
spreaders were mostly sensitive, and more of the intermediates were 
resistant. The results with 10 ug discs of dihydrostreptomycin were 
also varied, the only consistent effect was the resistance of the 


intermediate group. 
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Table 52 


Antibiotic and antibacterial sensitivities 
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“Chloramphenicol 30 ug, Dihydrostreptomycin 10 ug, Penicillin. 10 units, 
Polymyxin B 300 units (K-B). 5S = sensitive | = intermediate, R= 
resistant according to the Kirby-Bauer interpretative scheme (18), 


Polymyxin B (PC), Interpretative scheme based on behaviour of control 
organisms E,colt, P.aeruginosa, Arthrobacter sp. S.marceseens and 
B,subtilts, 

Actinomycin D = not sensitive (same or less than Z.colt). S$ = sensi- 
tive (more than E.colz). HS = highly sensitive (same as Bysubtilts). 
VHS = very highly sensitive (more than B,subtilis) 

NO, + = inhibited by .1% KNO,, - = not inhibited, 
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Table 52 = continued 


Antibiotic and antibacterial sensitivies 
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Table 52 - continued 


Antibiotic and antibacterial sensitivities 
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Only five organisms (2, D, 9-11, 7-1 and F.aurantiaewn) were sensitive to 
10 units of penicillin G, and most of each group including all of the 
intermediates were resistant to this antibiotic. This is in line 
with the results of Warke and Dhala (423) who showed that 12 Cytophaga 
species were resistant to 25 units/ml, 

Mitchell, Hendrie and Shewan (275) have suggested (although 
no supporting data were presented) that the resistance of Cytophaga 
to polymyxin B is a useful diagnostic criterion, as most Gram negative 
bacteria including the fruiting myxobacteria are sensitive, The inter- 
pretation of polymyxin B inhibition zones is always difficult because 
of the small zone sizes due to the limited diffusion of such a large 
molecule. Using the Kirby-Bauer chart (column K-B in Table 52), 
although it is realized that this was not constructed for these organ-~ 
isms or these experimental conditions, 55 out of the 84 organisms were 
indeed resistant to 300 unit discs of polymyxin B, and the others were 
of intermediate status, Two difficulties were apparent, the first was 
that no differentiation between Cytophaga and Flavobuctertum was 
apparent, and the second was that the ''sensitive control’ organisms 
E,colt and P, aeruginosa were resistant. Hence a new scheme of inter- 
pretation was drawn up (column PC) based on the behaviour of the con- 
trol organisms, Under this scheme the position was roughly reversed 
with 49 organisms being classed as sensitive, 15 as intermediate and 
10 as resistant. There was still no clear distinction between Cytophaga 
and Flavobaeterium and other inconsistencies were frequently observed, 
Also Stewart and Brown (385) had noted that C.johnsonae 17061 was 


~ 


sensitive to 300 units of polymyxin B, whereas it was found here to be 
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one of the most resistant organisms tested, It is therefore felt 
that until convincing data appear in the literature the polymyxin B 
sensitivity test is not applicable as a diagnostic criterion for 
Cytophaga. 

Actinomycin D inhibits the growth of many forms of Gram 
negative gliding bacteria (102, 103), and only 11 of the organisms 
tested in this study were found to be as resistant as the control 
E,colt. Most organisms (including the Gram positive as well as Gram 
negative Flavobacteria) were sensitive, and five (C.hutehinsontt, 
F.arborescens, F.aurantiacum and 5-9) ,were extremely sensitive. The 
growth of more than half of the spreaders was inhibited by 0.1% KNO., 
however all but three (495, 13B and 5-9) of the other 48 organisms 


were unaffected by this concentration of nitrite. 


Table 53. Antimicrobial lytic action, 

The Gram negative bacteria were the least affected by the 
lytic activities of the cytophagas, and they were not affected at al] 
by nonspreaders, The Gram positive bacteria, actinomycetes, fungi and 
Chlorella were each attacked mainly by the intermediate organisms and 
by a few isolates of both the other groups, 

The spreading cytophagas lysed every 'prey' organism between 
them except S.marcescens, The most frequently affected was the yeast 
however this may have been due to the fact that a different method was 


used for this organism and dead cells only were present, 
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Lytic activity has been definitely ascribed to all of the spreaders 
except Alfalfa, 4707, C.hutchinsonit, PC 15 and 9D. The 'browns! 
(2, D, 6 and 4541) were the significantly active predators In the 
group, they lysed all organisms except S.marcescens and actino 4432, 
Strain 6 was the least active and D was lytic toward the most organisms, 

lt is immediately obvious from Table 53 that the organisms 
of the intermediate group are potent lytic agents. Although diffi- 
culty was experienced with the Gram negative bacteria, they were all 
extremely active against a Jarge number of other organisms. Autoclaved 
yeast was the only organism attacked by all of the intermediates, and 
no intermediate lysed every one of the cultures, however nearly half 
of the group were lytic against al] but the Gram negative bacteria, 

Very few of the nonspreaders had definite lytic ability, 
and none attacked Gram negative bacteria, S,marcescens or Rhizopus, 
Only 18H and 402 had significant activity, and the other six predators 
(7-1, 8767, 8771, 9157b, 9290 and 8185) only attacked three organisms 
(actino 4432, S.selerottorun and Chlorella) between them. 

As a postscript to this study it must be noted that in this 
test the pink organisms PC 15 and 5-9 were found to produce typical 
myxococcal fruiting bodies after growing on Penteillium notatum for 
about two weeks. These organisms had never previously been found to 
fruit, but they should now of course be reassigned to the higher myxo- 
bacteria and probably to the genus Myxococcus, This discovery raises 
two further questions, firstly whether other 'honfruiting pinks! 


encountered from time to time in solls and waters are also Myxococct, 
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and secondly whether or not the method of producing fruiting bodies 
by growing the organism with a living fungal mycelium is generally 
applicable or even superior to the usual methods (dung pellets, 
starvation media etc.). 

This consideration of the results has shown that the 
'"spreaders' are a fairly homogeneous group with several small subgroups 
(C.hutechinsonti, 'browns', 'pinks', 9D). The ‘intermediates! form a 
more compact group, but the 'nonspreaders' are very heterogeneous 
both morphologically and metabolically. Table 54 lists the main 
differentiating characteristics of these three groups of organisms, 


and a complete profile for each organism can be found in Appendix II]. 


Taxonomic discussion 
Based on the present state of knowledge of the genus (Chapter 
|) and on the work encompassed by this thesis, the following redefinti~ 


tion of Cytophaga is proposed, 


Proposed redefinition of the genus Cytophaga Winogradsky 
- Unicellular, Gram negative, flexible rods of low refractility, 
arranged singly, multiplying by binary transverse fission, Unbranched, 
unsheathed and not helical. Rods fusiform or round-ended, varying from 
short and regular to long, eurved and filamentous; 0.2-1.5u x 1.5-50n. 
- Aflagellate but motile by gliding, or by flexing if sufficiently 
long, on solid substrata, Slime layer present cutside cell wall. 

Silky in IIquid media when gently shaken. No microcysts or resting 


cells formed although degenerate coccoid forms may be present In old 


cultures, 
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Differentiation of 'spreaders,' 'intermediates' and 'nonspreaders' 


Property* Organisms exhibiting the property 
Spreaders Intermediates 

Fringe All Most 

W.S. pigment Few All 

Grow in 3% NaCl None One only 

Ferment glucose Few None 

Use alcohols Few One cnly 

Use starch All except None 
C hutehtnsontt 

Use alginate None Most 


Haemolysis 


NO. as N source 


Urea as N source 


Need vitamins 
HS produced 


NO. — gas 


Streptomycin Sens. 


Good lytic activity 


Some, weak 


Most 


Some 


Many 
Most 
Few 

Some 


‘Browns! only 


Most, strong 
Most 

Few 

One only 
Two only 
Most 

None 

All 


Nonspreaders 


Few 
One only 
Many 
Few 
Many 
Many 


None 
Few, weak 
Few 
Most 
Most 
Most 
None 
Some 


Two only 


“The characteristics referred to are these outlined In Tables 45-53. 
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Characteristic autolysis of older cells hence colonies become trans~ 
parent on aging. 
~ Growth on agar plates may be in the form of a barely visible film 
or extend rapidly as a thin fringe from the central part of a colony 
especially in more restrictive media, On richer media more raised, 
compact colonies without fringes may be produced, Pigmented in the 
mass from pale to deep yellow, orange or salmon~pink to red (7.5-10 
YR 6-7/8-12) ;olive-green and grey also reported. Carotenoid as far 
as rc known, 
- Nonphotosynthetic, do not deposit iron, nor do they produce sulphur 
granules in the presence of Hy>- Heterotrophic. Aerobic or faculta- 
tively anaerobic, some need NO, as. an alternate electron acceptor when 
grown anaerochically. A few are obligate halophiles. Able a decompose 
one or more of the following polysaccharides: agar, alginate, cellulose, 
carboxy methy!] cellulose, chitin, Most can use proteins as C and N 
source, Sensjtive to Actinomycin D. 
- Habitat: soil, freshwater and marine, two fish pathogens, 
- DNA base ratio 29-45% G+C, 

The members of the genus Flextbacter are further redefined 
(see page 215) as being unable to degrade any of the polysaccharides 
mentioned above (agar, alginate, cellulose, CMC and chitin), although 
starch hydrolysis is common and pectin may be utilized. Some other, 
non-exclusive differences between the two Ee have been extracted 
from the literature (Tables 4 and 5 pages 31-54, Table 9 pages 83-88) 


f 
and are presented in Table 55, 
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Table 55 


Non-exclusive differences between Flextbacter and Cytophaga... 


iactneeenaae 


Property Flextbaeter Cytophaga 
Cell length 3-500 4 V.i5=50 4 
Optimum temperature Mostly 30-40°C Mostly 20=30°C 
Use glucose Mostly - Mostly + 
Ferment sugars - ae 
If non-cellulolytic then 

use starch + 5 
NO, used as N source Mostly - Mostly + 
Catalase ; = Mostly + 


5 he een eed 


A new genus Lysobacter is being erected (see page 325) 
to encompass the 'Sorangiaceous non-fruiters' ('intermediate' group) 
studied here. A typical Lysobacter is a very mucoid, non-frulting 
organism which sometimes produces a fringe and has a high GC ratio. 
It digests chitin, alginate and CMC, but not cellulose (filter paper) 
or starch, is highly proteolytic and strongly lytic against a variety 
of other micro-organisms, The genus is envisaged as a transition 
between Cytophaga and the fruiting Myxebacterales. 

With these definitions of the genera Cytophaga, Flextbacter 
and Lysobacter in mind, following the currently held view of Flavo- 
bacterium as a Gram negative, peritrichate rod (42), the Isolates 
studied here have been assigned to genera (Table 56). A taxonomic 


discussion of each of the isolates follows. 
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Table 56 


Generic classification of !solates* 
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oO — 
ec rm es mn 
©) Weed $3 c w 
aD) [7° 2 =~ 
= Bo i gee ee 2 = ae 
= Saag PR ee (ay es] £ A 
= t i ace ° < = o) > © 1c 
Pe ee ee 4 
Organism se rt Shin & a << x Genus 
Spreaders 

ATCC 17061 + + t+ + t+ bh t + 4¥YR + + 33 Cytophaga 
LOS bob bt hb Ft tt + + + 30-35 Cytophaga 
Alfalfa ++ + + bt te + + + + + Cy tophaga 
Bryant ee bh uk ak abR + + Cytophaga 
A 15 + + tt t Ft +t + 4d + + Cytophaga 
B-2-25 t+ bt bh kt tt Ft + + + -= Cy tophaga 
E-1-25 fF ep hk ot Pit Cytophaga 
H0~1A ee a + + Cy tophaga 
1-10 ++ * + fh Ftd Foye Cy tophaga 
3 t+ bt +t FF +t Ft OF + + Cutophaga 
3-19 + tot tt t+ fF + + + Cytophaga 
3-22 + + t+ tf tk + + + + Cytophaga 
4433 bt bf tt Ft ht F OF + + Cytophaga 
4539 + + t+ + + + F F FF + + Cy tophaga 
4707 Ae Te a ee 3 + + Cy tophaga 
NCIB 9059 + t+ + t+ + t+ + + 4¥ + + 32.9 Cytophaga 
FS-] + t+ t+ + + + + t + + + 48.7 Cytophaga | 


Conform (+) or do not conform (-) to the definition of Cytophaga 
given in the text (page 306), 


V.thin-thin = <0.5 u wide; Med.-long = >5u. longa; Colour = within 
Tange 7.5-10YR 6-7/8-12 (+ or - ~ or “iF close then D = darker, | = 
less intense, R = redder, Y = yellower; SIlky and Fringe + = 
observed at least once, - = never observed, 

Polymers = degrade one or more of the polysaccharides cellulose, 
CMC, chitin or alginate. 
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Table 56 = continued 


Generic classification of jfsolates 
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Organism on of Sy ce BE kn he (© oa << & Genus 
Stanier 6 ge a ge SP + a Cytophaga 
NCIB 10782 bb eb RF Fe Ft + + + 39 Cytophaga 
2 Ae oe oe od er de DY + Cytophaga 
D eee fe P PF DY - + Cytophaga 
6 ee ee ee a a DY + + Cytophaga 
AoKy tb Ft bh +t + bt + DY + + Cy tophaga 
PC 15 i i ee + + Myxocoeeus 
9~1] tot bt me be eR be - ? 
9D tik Fe + i wn 37 Flextbacter 
Intermediates 
495 + t+ t+ Ft tt Ft Ft + + Lysobacter 
AL-1 (1) + ht FF Ft Fe + + Lysobacter 
(ii) A ee a + + 769.2 Lysobacter 
(iti + + Ft +t Ft Ft Fe + Lysobaeter 
ATCC 21123 Se ol i is A A + Lysobaeter 
T85L4Y ooh +P HP te OF FY + Lysobaeter 
18L W + + t+ hk + + t+ + - + Lysobacter 
4553 (i) + bk t+ te t+ tb +t + + Lysobacter 
4553 (ii) bob te FF = Ft Ft + Y + = Lysobacter 
4554 + + t+ bt + + + Y + + Lysobacter 
ASSS (i) + + bt Ft = = be + + Lysobacter 
SSS (fi) + + tf +t hk +t + + = + + Lysopacter 
4556 (i) + oho bt t+ ho bt Ft te + = Lysobacter 
4556 (ii) a + = Lysobacter 
4557 (i) oe ob + eR ~ pee Lysobacter 
4557 (ti) =e a | cs Y oN Nig Lysobacter 
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Generic classificiation of isolates 
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Genus 


Lusobacter 
Lysobacter 
Lysobacter 
Lysobacter 
Lysobaeter 
Lysobacter 
Lysobacter 
Lysobaeter 
Lysobacter 
Lysobacter 
Lysobacter 
Lysobacter 
Lysobacter 
Lysobacter 
Lysobacter 
Lysobacter 
Lysobacter 
Lysobacter . 
Lysobacter 
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Table 56 ~ continued 


Generic classification of isolates 


cc 
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Gol eet ral le ay ie Ee a OR - ? Flextbaeter 
15D + + ft + + = + 1 Cy tophaga 
18H + + + = + + + + mit 26 Cytophaga 
NCIB 8186 - + + + = = = = & - + e 
NCIB 3187 - = t+ t+ =e Bw =f ? 
NCIB 8188a = = = t+ = = = ow ah. ? 
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Cytophaga johnsonae 

In the past confusion has existed over the definition of 
‘denitrification’, To some it has meant the reduction of nitrate to 
nitrite, and to others the reduction of nitrate to an unspecified gas. 
No consideration has been given to the fact that the second half of 
this process, that is the reduction of nitrite to a gas (usually nitro- 
gen or nitrous oxide), may equally well be termed denitrification. It 
is now realized that many bacteria have the ability to reduce nitrate to 
nitrite, and that some aiso take the often toxic nitrite to a gaseous 
form, A few microbes are now known to reduce only nitrite and not 
nitrate, hence physiological symbioses in nature are possible. This 
study has shown that C.johnsonae ATCC 17061 is one of the latter organ- 
isms, possessing a nitrite but not a nitrate reductase, C.johnsonae 
var. denitrificans Cook 405 was confirmed as being capable of complete 
denitrification. Hence there is no alternative but to redefine 
C.johnsonae as being a denitrifier, with different strains possessing 
one or more of the different enzymes involved in this process. 
C.johnsonae var. denitrificans is then superfluous, The key character- 
istics of C.johnsonae as envisaged here are chitin degradation and 
denitrifying ability. 

Strain ATCC 21123 has previously been classified as 
C.johnsonae, probably for want of anywhere else to put It as it is 
chitinoclastic and non-fruiting. It has been amply demonstrated in 
the present series of tests however, that this organism does not 


belong to this species. It is unlike ATCC 17061 and 405 in the 
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following respects; it is a cream, very mucoid and fairly compactly 
growing organism (Figure 25), with or without a small fringe (Figure 
26), it prefers an aerobic atmosphere rather than one low in oxygen, 
it is only partially inhibited by 3% NaCl, does not degrade starch 
but does use alginate, shows excellent haemolysis and rapid lysis of 
milk, uses nitrate as an N source, does not need vitamins, is not 
affected by 9.01% S.L.S. and is very lytic to other micro-organisms. 
It is felt that it would be better placed in Lysobacter enzymogenes 
(see page 324). 

The following isolates are being included in the species 
C. joliisonae, They all conform to the emended published descriptions 
(Table 4 pages 31-42 + denitrifying) as far as was determined here, 


except for the characteristics noted in parentheses, 


ATCC 17061 (sucrose -, NO, not an N source) 
405 (NO, not an N source) 

Alfalfa (mannitol +) 

B-2-25 (pectin -) 

E-1-25 (pectin -) 

3 

4433 (sucrose -, pectin -) 

4539 (pectin -) 

4707 (pectin -) 


NCIB 9059 formerly Flavobacteriun pectinovorum 
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Figure 25, 


Figure 26, 


Comparison of growth form of 2 day C.johnsonae strains on 
Skim Acetate Agar: 


4O5 (formerly var. denitrtfieans) code I!! € 53 Bw, colour 
10 YR 6/10 
ATCC 17061 code II! C 53 y, colour 5 YR 5/10 


ATCC 21123 (now Lysobacter ensymogenes)code IAl, colour 


255 Ves 5/0 


Comparison of growth form of 3 day C.fohnsonae strains 
on Cook's Cytophaga Agar: | 

ATCC, 17061. codelii D 5}. Bfw, colour 1.5 Y 7/10, 

ATCC 21123 (now Lysobacter enzymogenes) code IAI, 
cotour 5. ¥. 7/6, 
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The presence of the type species of F.peetinovorun in this list con- 
firms the feelings of several workers that this organism would more 
properly be classified as a Cytophaga, The GC ratio of thts isolate 
is 32.9, which is within the range for Cytophaga and its morphological 


similarity to other isolates of C.johnsonae can be seen in Figure 27. 


Figure 27, 3 day Skim Acetate cul- 
| ture of NCIB 9059 (formerly 
Flavobaetertum peettnovorum and 

iat now proposed as synonymous with 
C.johnsonae). Code lil E 534, 
colour 5 YR 5/10. 


There are seven spreading, yellow-orange Cytophagae which 

do not belong in C.johnsonae as redefined here, The arctic isolates 
3-19 and 3-22 do not degrade chitin, which is consjdered a key 
characteristic because of its historical association with C.johnsonae, 
In addition they do not use nitrate as a nitrogen source, they do not 
liquefy gelatin and are catalase negative. 3-22 also has a much lower 
optimum temperature (Table 46), There are five further isolates which 
do not denitrify even though otherwise similar to C.johnsonae. These, 


and their other atypical characteristics, are 
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RS=1 (formerly Fleatbacter sp.) 

1-10 (mannitol +) 

Bryant (max, 40°C, catalase -) 

Al5 (low opt. temp., lactose -, sucrose -, pectin -, 


catalase -) 


HO-1A (lactose -, sucrose -, pectin -, catalase -). 


The isolate FS-1] was placed in the genus Flexibacter when it was 
initially found not to degrade complex polysaccharides (350), Chitin 
was not tested by Simon and White, and in the present study chitin- 
olysis has been demonstrated, hence the change in genus, FS-1 did 
not grow in the nitrate medium employed here and if denitrification 
can be demonstrated in another medium then this isolate will belong 
in C.johnsonae. The GC ratio is high (48.7) for Cytophaga, however, 
and fits better into the Flextbacter range. 

None of the above seven organisms seem to be identifiable 
as C.sucetntcans, and there is too little known about C.albogtilva and 
C.deprimata, the only other non=cellulolytic nonmarine types described, 
for valid comparisons to be made, At present it is proposed not to 
create new species for them but to leave them as Cytophaga spp. 


until more is known about them, 


ytophaga hutchtnsontt 

The two isolates 'Stanier 6' and NCIB 10782, which were 
both derived from Dr. R. Y. Stanier's laboratory were very slightly 
different from the published descriptions of thls species (Table 4 


pages 31-42). Silkiness in liquid culture was not observed, isolate 
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Stanier 6 used mannitol, neither used nitrate as an N source, and they 
were both catalase negative. The isolates were identical jn all 
respects in the present series of tests, with the exceptions of man- 
nitol, the probable use of urea and production of phosphatase by 
10782, and in their reactions to polymyxin B (Table 52). A certain 
amount of new information is presented about C,hutchinsontt and this 
is summarized as follows, 


NaCl inhibition, partial 1%, complete 2% 


Sucrose = Lactose - 
Glycerol - Mannitol + 
CMC + Chitin - 
Gelase + Pectate - 
Alginate - HS - 
Oxidase + Indole - 


Cannot use amino acids (glutamate or asparaginate) or 
proteins (gelatin, milk, tryptone, peptone, blood, casein 


casamino acids, casitone) as C and N sources. 
Chloramphenicol, sensitive to 30 ug disc. 
Dihydrostreptomycin, sensitive or intermediate to 10 ug discs. 
Penicillin G, intermediate to 10 unit discs, 
Actinomycin D, very highly sensitive (more than B,subtilis), 
No lytic action on various micro-organisms. 
Cytophaga brunescens n.sp. 
(etym., M.L. becoming brown). 
The four isolates constituting this new species are 2, D, 


6 and 4541 (the 'browns'). They produce yellow colonies which almost 
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invariably turn darker and browner due to the release of a water 
soluble pigment which diffuses well in agar media (see Tables 30-32 
pages 168-170, page 172, Figures 28 and 29). The surface iayers of 
liquid cultures too become brown after a couple of days. The temp~ 
erature range is higher than for any presently described Cytophaga, 
about 15° to 40°C, with an optimum between 35° and 40°C. The group 
does not use cellobiose, sucrose, lactose, glycerol, mannitol, cellu- 
lose, CMC, agar, pectate or alginate but good growth is obtained with 
glucose, starch, chitin or proteins. They are strongly proteolytic 
but no haemolysis is demonstrated, They are strict aerobes which do 
not ferment glucose, denitrify or use NO, as an alternate electron | 
acceptor, In addition they are strongly lytic on Gram negative and 
Gram eee bacteria, actinomycetes, fungi and algae, 

A marine Cytophaga which produces a brown water soluble 
pigment is already known, but C,krzemientewskae is a pink organism 
which differs in various other respects too, It is an obligate halo~ 
phile requiring at least 1.5% NaCl, while C.brunescens is strongly 
inhibited by this concentration, C.krzemtentewskae has a lower 
temperature range and degrades cellobiose, lactose, cellulose, agar 
and alginate but not chitin. It is also Hos negative and reduces 
nitrate to nitrite. There can thus be no doubt that C.brunescens 


is a valid new species, 
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Figure 28, C.bruneseens. 3 day cultures of D and 6 on Skim Acetate 
Agar (upper) and Cook's Cytophaga Agar (lower plates). 
Codes and colours: 
D (SA) [Il B 73 ye 10 YR 4/6 ne) 
6 (SA)y thle AZ Bryer. 285 05/6 P MoEIint 


Figure 29, C.brunescens. 15 day cultures of 6 and 4541 on Skim 
Acetate Agar. Codes and cclours: 


611 H 58a b 2.5 Y 4/6, 4541 11 G 58 ab 10 YR 4/6. 
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Spreading pink organisms 

Isolate PC 15 has now been found to produce fruiting bodies 
typical of the genus Myxocoeeus (see page 30% ), probably M.fulvus or 
M.cruentus, As far as can be determined the other properties of this 
organism agree with the generic definition of Myxococcus. 

The assignation of 9-11 is problematical, {!t has not yet 
produced fruiting bodies and does not degrade any polysaccharide 
except starch, thus jt is excluded from the fruiting Myxobacterales 
and Cytophaga. \t bears no resemblance to Lysobacter, and its 
similarity to Flextbacter is complicated by the fact that flexing 
has not yet been observed, although it does produce a fringe, There 
are four red and pink species of Flexibacter, F,.litoralis is an 
obligate halophile and 9-1] seems to differ from F,gtganteus, 
F.roseolus and F.ruber in several respects, Until further work fs 
done with this organism and with other 'spreading pinks', fit will 
be left unclassified. 

Flextbacter canadensts n.Sp. 

(etym., M.L. native or resident in Canada), 

The white, iridescent spreading organism 9D has very long, 
thin,gracefully flexing cells and does not degrade any polysaccharldes 
other than starch and pectate, It has therefore been placed in the 
genus Flextbacter. Two creamy-white species, F.albumtnosus and 
F,aureus are known, but both have short cells and are mucilaginous 
with a small fringe. 9D is also the first facultatIvely anaeroblec 


Flextbacter species to be described. Isolate 9D was isolated from soll 
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en the Central Experimental Farm, Ottawa, Ontario (Table 44) and 
hence receives the specific epithet canadensis, 

Flextbaeter canadensts n.sp. is a remarkably good spreader, 
and its very long, thin, elegant cells (0.3 x 3-60 yu), exhibit a 
classic flexing motility. It is white and rather rhizoid or finger- 
like in its appearance (9D, Figure 30), and shows different iridescent 
colours on different media, Its colour range is 10 YR 7-8/2 and 
2.5 Y 7-8/2 {page 172). Temperature range is 10-40°C, and growth 
is best between pH 6 and 8, Growth is better at a reduced oxygen 
level, and fermentation of sugars occurs. NO, is used as an alter- 
nate electron acceptor anaerobically and both nitrate and nitrite 
are reduced to a gas, probably No0. Uses glucose, cellobiose, 
lactose, glycerol, starch ane pectate but not sucrose, mannitol, 
cellulose (filter paper), CMC, chitin, agar or alginate, Proteolytic, 
lyses milk, but not haemolytic, Proteins and single amino acids 
used as C and N sources. Uses NH), but not NO, Or urea as N source. 
Yeast extract usually required as vitamin source in synthetic 
media, HS, catalase, oxidase and phosphatase positive, indole 
negative, Completely inhibited by 0,1% S.L.S., sensitive to 30 ug 
chloramphenicol, 10 ug dihydrostreptomycin and actinomycin D. Not 
affected by 10 units of penicillin G or 0.1% nitrite. No lytic 


ability on other micro-organisms. GC ratio of strain 9D is 37%. 
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Figure 31. 3 cultural variants of strain Al-1 2 
after 2 days growth cn Skim Acetate 
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Lysobacter n,gen. 

(etym. M.L. the lysing bacterfum) 

This new genus is designed to encompass the non-fruiting, 
'Sorangiaceous', highly mucoid, brownish~cream, creamy-white, white 
or salmon=pink organisms which sometimes produce a fringe (the 
'intermediates!) and which have a high GC ratio circa 62+69%. They 

have fairly thin, medium length cells, 0.3-0.5 x 1-9y, occas ional ly a 
length of up to 30 u is attained, and flexing is generally observed, 
They have a relatively high resistance to salinity, although they are 
not of marine origin they are inhibited only by 3% or more NaCl. 
Their attack on glucose is oxidative, and most produce a brownish 
water soluble pigment in older cultures, The three species all use 
glucose, cellobiose, CMC and chitin, but not agar, many isolates use 
sucrose and lactose and one species uses starch and another alginate, 
Mannitol is attacked by only one strain, pectin by a few, but glycerol 
and cellulose (filter paper) are not decomposed, They are strongly 
proteolytic and haemolytic and growth factors are not usually required 
in synthetic media, Most use NO, and NH), but net uree as nitrogen 
sources, and most of the isolates of tvio species denitrify nitrate 
and many also reduce N05. Typically the genus is indole and Hs 
negative and catalase, oxidase and phosphatase positive. Generally 
resistant to 0.01% SLS but most are completely inhibited by 0.1% 
S.L.S. Resistant to 10 yg dihydrostreptomycin and to 10 units of 
penicillin G, Most strains are sensitive to actinomycin D and not 
affected by 0.1% nitrite. The members of the genus Lysobacter 


characteristically lyse a variety of micro-organisms including bacteria, 
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actinomycetes, fungi and algae, Gram negative bacteria are less often 
attacked than Gram positive ones, The genus is a transitional one 
between Cytophaga and the fruiting myxobacters, and is placed in the 
Order Myxobacterales, The type species is L,enzymogenes, 

The isolates included in Lysobacter are the '495 group! 
and 13B (Lysobaeter enzymogenes), 3C (Lysobacter antibtoticus) and 402 
(Lysobacter gunnosus), The previously mentioned creamy-white, mucoid 
Flextbacter atbuminosus and F.aureus may also belong to Lysobacter, 
however neither their use of CMC, chitin and alginate nor their lytic 
abilities were tested by Soriano, and no extant cultures exist, thus 
it is impossible to assess them further. Their position in the genus 
Flexibaeter is also tenuous since this genus is defined largely on 
its inability to attack polysaccharides, The fact that Gram negative 
bacteria are more resistant to attack by Lysobacter species than are 
Gram positive bacterla suggests that the composition of the Gram 
negative cell wall is the factor preventing autolysis of Lysobacter 
cells by thier own powerful lytic enzymes, 
Lysobacter enzymogenes n.sp. Type sndegest 

(etym. M.L. enzyme-producing). 

Description as for genus with the following additions. 
Creamy-white often with a pale yellow-brown, nonspreading, less 
mucoid colonial variant (Figures 30-32). Colour range 6-10 YR 
5.5-7/5-8 and 2.5-7.5 Y 6-8/2-6 (page 172), Most strains have been 
seen to produce a fringe. The cells are thin, medium length rods 


mostly 0.3-0.5 x 1-9 pn and flexing, occasionally longer. 
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Figure 32. Lysobacter enzymogenes strain 4564, two cultural variants 
after 3 days growth on Cook's Cytophaga Agar. Codes and 

colours 
i) 1Al Twa OW /RLS a 

i) LA ALY A 


Figure 33. Cultures on Skim Acetate Agar. 


Lysobacter enzymogenes var. cookit strain 13B (2 days), 
code 1A] colour 7.5 YR 6/6. Lysobacter gummceus strain 
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402 (6 days), code [£1 pp colour 5 Y 8 
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One strain (AL=1) grows but shows no pH change on Board and ee 
glucose medium and also does not use eunOsE. One strain only (18LY) 
uses mannitol. All strains degrade CMC and chitin and most liquefy 
alginate. A few are pectolytic but none use starch, Most are strongly 
haemolytic, and will] use NO, and NH), but not urea as N- sources, 

Yeast extract is not required. H,S is produced by two strains (495, 
21123), and all produce catalase, oxidase and phosphatase but not 
indole, The isolates 4553 to 4565 inclusive denitrify NO, and NO, 


to 2N,0, 21123 reduces NO, only. Nitrate is used as an alternate 


3 
electron acceptor anaerobically by five strains. Most are sensitive 
to Actinomycin D, and one strain (495) is sensitive to 0.1% nitrite. 
They attack Gram negative and Gram positive bacteria, actinomycetes, 
fungi, green and blue-green algae and nematodes (Table 42). GC ratio 
of AL-1 is 69.2, | 

The isolates belonging to this species are 495, AL-1, 
ATCC 21123 (formerly referred to as C.jonnsonae see page 310), I8L and 
4553 to 4565 inclusive, with their cultural variants, The lytic 


enzymes produced by strains 495 and AL-1 have been discussed on pages 


224 and 238, 


Lysobacter enaymogenes var. cookit n.var. 

(etym. M.L. named for Dr. F. D. Cook, the microbiologist who 
first isclated the three species of this genus, and who 
recognized their lytic and antibiotic potential.) 

Description as for L.enzymogenes with the following exceptions. 


Offwhite to deep brownish=cream, mucoid organism (Figure 33), with a 


colour range yeceio YR 6-7/6-8 and 2.5 Y 6/6. Often produces a fringe 
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and produces much water soluble brownlsh pigment especially [in older 
cultures. Cell dimensions 0.5 x 3-13 u and flexing. Uses glucose, 
cellobiose, sucrose and lactose but not glycerol or mannitol, 
Hydrolyses potato starch and liquefies pectate but not alginate. 

Uses NH), and urea but not NO, as N sources, and growth factors are 
required in salts + glucose medium, Does not denitrify or use NO, 
as an anaerobic electron acceptor. Does not produce HS from cysteine. 
Sensitive to 30 ug discs of chloramphenicol, to actinomycin D and to 
0.1% nitrite. Does not lyse Gram negative bacteria. A single isolate 
is known as yet, 138. This variety is the member of the genus Lysobacter 
which seems closest to the genus Cytophaga. | 
Lysobacter anttbtotticus n.sp. 

(etym. Gr. pref. anti = against; Gr. noun bius = life; 

MoL. adj. antibioticus = against life, antibiotic.) 

Description as for genus with the following additions. Pink 
to salmon-pink,mucoid organism (Figure 21 page 19%) with the colour 
range 7.5-10 YR 2.5-4/3-6 often with considerable brown water soluble 
pigment, and often with a fringe. Cells are 0.4 u wide by 1-2.5 u long 
and have been observed to flex. Uses cellobiose and glucose but not 
sucrose, lactose, glycerol or mannitol, Degrades CMC and chitin but 
not cellulose (filter paper), starch, agar, pectate or alginate. Can 


use NO NH), and urea as a nitrogen source,and yeast extract is not 


Sy 
required in synthetic media. The species is able to denitrify 
nitrate but not nitrite, and uses NO3 as an alternate electron 
acceptor. Catalase, oxidase and phosphatase positive, Indole and 


HS negative, Resistant to 0,01 % SLS but completely Inhibited by 
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0.1%, resistant to 30 ug discs of chloramphenicol and to 0.1% 
nitrite, Shows lytic activity against Gram negative and Gram posI- 
tive bacteria, pdelaletineatosy fungl and green and blue-green algae 
(Table 42). GC ratio of the only strain known, 3C, is 62~-69,2%, 
This culture has been intensely studied because of its production 


of the potent wide-spectrum antibiotic 'Myxin' (see pages 233-234, 238), 


Lysobacter gunmosus N.Spo 


(etym. L.n.gummi = gum, L.suf. -osus = full of, abounding 
in. L.adj. gummosus = gummy, full of gum.) 


Description as for genus with the following additlons, 
White, intensely gummy organism (Figure 33) with the colour range 
5 Y 7-8/2-4, No water soluble pigment or fringe produced, The 
thick, gelatinous colonies of this organism are extremely difficult 
to work with and almost rubbery in consistence. Cell dimensions 0,4 
x 0,5-2 u and flexing has not been observed, presumably it Is 
inhibited in such a gummy matrix, The species uses glucose and 
lactose, and also cellobiose and sucrose rather slowly, but it does 
not use glycerol or mannitol. CMC and chitin are degraded but not 
cellulose (filter paper), starch, ee pectate or alginate. N03, 
NH), and urea can all be used as a nitrogen source and growth factors 
are not required. Denitrification does not take place, neither is 
NO, used as an alternate electron acceptor anaerobically. Oxidase 
and phosphatase are produced but not HS, catalase or indole, (the 
gum could interfere with the catalase reaction eer). Growth Is 
merely reduced but not completely Inhibited by 0.1% S.L.5.,, fesistant 


to 30 ug discs of chloramphenicol and to 0.1% nitrite, but sensitive 
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to actinomycin D, Does not lyse Gram negative bacteria. 
lt is interesting to note that other algicidal nonfruiting 
myxobacters have been described by Daft and Stewart (88), Napier (279) 
and Shilo (347). These have not been examined by the author but their 
GC ratios are also high, being 68.9, 73.2 and 70 respectively, and 


it would not be surprising if these too were Lysobacter species. 


Cytophaga compacta n.Sp. 


(etym, L. adj, compact, in the sense of nonspreading). 

The isolates 15D and 18H comprise this first nonspreading 
Cytophaga species. Other nonspreaders have been assigned to this 
genus (14, 93, 373, 408), but’ no species have yet been erected to 
encompass any of these. A considerable amount is now known about 
the closely related isolates 15D and 18H, and they are known to be 
fairly closely allied to C.johnsonae (Chapter III). A fringe was 
seen in 18H once on PMYA II medium but has not been observed in 15D, 
Also 15D degrades chitin and pectate, and so far 18H is only known to 
degrade pectate. The GC ratio of 18H is 36, which is within the 
Cytophaga range. Taking all these characteristics into account it is 
felt that the best solution is to set up a new, nonspreading species 
of Cytophaga for them. 

Description as for genus with the following exceptions, 
The cells are long, thick, flexible rods 0.6-0.7 x 1.75 u. Autolysis 
of older cells not apparent, fringe and characteristic spreading is 
not typically jy Yellow-orange colonies (Figure 34) which have 


a colour range cerss YR 5-6/10-12 (see Tables 30-31, pages 168-169). 
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Figure 34. Cytophaga compacta, 2 day Skim Acetate cultures, Codes 


and colours: 
18 H 1A] BYR 5/12 
15 D 1Al Be Re 555790 


Temperature range 8-35°C, optimum 25-30°C; pH range 5-10; partially 
inhibited by 1% NaCl, completely by 3% NaCl. Utilize glucose but no 
pH change is cbserved on Board and Holcing's medium. Do not utilize 
cellobiose, sucrose, lactose, glycerol or mannitol, CMC or cellulose 
(filter paper), agar or alginate. Decompose starch, chitin (1/2 
isolates) and pectate. Proteolytic, lyse milk rapidly and haemolytic; 
and proteins, glutamate and asparaginate can be used as (¢ and N 
sources, NH, and NO, (1/2 heme calh Bat me urea used as N sources, 


Vitamins usually required, Nitrite but not nitrate is denitrifled, and 
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NO, is not used as an alternate electron acceptor. C.compacta pro- 
duces HS from cysteine, catalase, oxidase, phosphatase and indole, 
Sensitive to about 0.01% S.L.S. and completely inhibited by 0.1% S.L.S. 
Resistant to 30 ug chloramphenicol, 10 ug dihydrostreptomycin and 10 
unit penicillin G discs and to 0.1% nitrite, Strain 18H is lytic 
to Gram positive bacteria, an actinomycete and fungi, and 15D is 
known to lyse nematodes (Table 41). The GC ratio of strain 18H is 


3035 


Other yellow nonspreading organisms, 

lsolate 7-1 is a flexing 0.3 x 1~30 u rod which ts silky 
in liquid culture but does not attack any of the prescribed poly~ 
saccharides, It is thus not a Cytophaga. It is unlike most of the 
yellow or orange species of Flextbacter in several respects, but it 
only differs in two characters (resistance to 3% NaC] and CMC degrada- 
tion) fran F.saneti (which should be classified as a Cytophaga, see 
page 220), and likewise in only two respects (resistance to 3% NaCl 
and use of glycerol) from F.flextlis, Until it can be compared with 
further isolates of Flextbacter species, it wil] remain without a 
specific epithet, and hence is a Flextbacter sp. 

The Flavobacterta:F.arborescens NCIB 8185, F.esteroaro- 
matteum NCIB 8186, F.flavescens NCIB 8187, F.suaveolans NCIB 8188, 
F.aquatile NCIB 8535 and F.Zucecoloratwn NCIB 9324 were found to be 
Gram positive and hence by definition must now be. excluded from this 
genus. In the case of F.aquatile either the original identification 


of this strain was erroneous, or a contaminant has been introduced 
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in subculturing, because strain 8535 here bears no resemblance to 
Cytophaga and it has been argued most convincingly (see pages 65-66) 
that other strains of this species do indeed belong to Cytophaga. 

Flavobacterium devorans NC1IB 8195 and F.rhenanun NCIB 9157_ 
are Gram negative and motile, hence they cannot be transferred to 
either Cytophaga or Flexibaeter, The reddish organism sent as 
Cytophaga suecinicans is likewise motile and its other characteristics 
(size, shape, nonspreading, no polysaccharides attacked, etc.) also 
indicate that the ortginal C.suecetntcans had died and that this was a 
contaminant. This is a pity because it is one of the few type 
cultures of the genus available, Further efforts will be made to 
obtain an authentic specimen. 

Flavobaetertum restnovorum NC!IB 8767 has been identified 
as a Cytophaga as a resuit of this study, A fringe has been observed 
once only but the dimensions (0.4 x 1-15 py) and flexibility of the 
cell, as well @s.its silkiness and chitinolysis and other character- 
istics lead to this conclusion, In plate culture it resembles the 
isolates 15D and 18H (Cytophaga compacta) but it is very different 
from them metabolically. It seems to be more similar to the publishea 
cescription of C.suectnicans, but its nomenclature will now have to 
wait until it can be compared with an isolate of this species, ATCC 
12524 is the type species of F.restnovorum, so that this transference 
of NCIB 8767 to Cytophaga does not affect the status of this species. 

F.suaveolans NCIB 8992, unlike strain NCIB 8188 is Gram 
negative. The species is described as Gram variable and motile (42) 


but strain 8992 was not observed to be motile here. Furthermore, 
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it is a short, non-fiexing bacterium which does not spread or degrade 
polysaccharides. Hence it could not be reclassified as a Cytophaga 
or a Flextbacter. 

F,proteus NCIB 8771 is a refractile,non-flexing,very short 
rod which however has been seen to produce a fringe once and does 
degrade CMC. !t does not fit the definition of either Cytophaga or 
Flextbacter. 

F.hepartnum has been suggested as being a Cytophaga (see 
page 66 and Table 7 pages 67-72) and the type culture has been studied 


here (Figure 35). 


Figure 35, Flextbaeter heparinus (formerly Flavobactertun heparinum) 
NCIB 9290, 2 day cultures, Codes and colours on Plate 
Count (left) IAl 10 YR 6/4, Skim Acetate (centre) 1BI 
10 YR 7/4, and Cook's Cytophaga Agar (right) 1B1 2.5 Y 
7/4, 
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It agrees with all the characteristics of the genus Cytophaga except 
that it degrades no polymers, not even starch. It is also highly 
resistant to salinity (Table 46) and does not use gelatin or lyse 
milk, It is hence, probably better grouped with Flextbacter, No 
fermentative or gelatin-negative Flextbacter species have yet been 
described (with the exception of the white, spreading F,canadensts 
described here), Utherwise the nearest species would be F,flextlts, 
but this will not tolerate even 1% NaCl and is catalase negative, 
As these are fairly basic characters in which NC{2 9290 differs, it 
is proposed that it be transferred to a new species Flexibacter 
heparinus, The GC ratio of 42.2% is in the centre of the range for 
this genus, 

Flavobacterium auranttacum NC1B 8204 has been questioned 
as a member of the genus Flavobacteriun (see page 66) but its charact~ 
eristics (Table 56) obviously do not aliow it to be placed In 


Cytophaga or Flexibacter either. 


Nonspreading pink organisms 

The arctic isolate 5-9 has now been found to produce 
fruiting bodies of the Myxococcus type (see page 305 ), and hence 
it is not a Cytophaga. The taxonomy of strain 14 is more difficult 
and it probably does not belong to this group at ail. At first 
slightly curved rods were observed, but in some media curly, almost 


circular cells were seen, It may be a Vtbrto or related species. 
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VItt.5 Summary 


Following the ideas of Sorfano and Lewin (see page 79), 
it is felt that the low GC ratio genus Cytophaga should be trans- 
ferred from the Order Myxobacterales to the new Order Flexibacterales, 
and the Family Cytophagaceae, This Family would then comprise the 
genera Cytophaga, Flextbacter, Microscilla, Sporocytophaga, 
Herpetostphon, Flextthrix and Saprosptra. The Myxobacterales would 
then be characterized by a high GC ratio and consist of the fruiting 
genera and the new nonfruiting genus Lysobacter, 

Amongst the soil and freshwater Cytophaga species it Is 
recommended that bate are several which no longer warrant serious 
consideration because of the lack of extant cultures and of sufficient 
information concerning them, These species are C.wtnogradskit, 
C.albogtlva, C.deprimata, Promyxobacterium flavum (?Cytophaga flava), 
and P, lanceolatum (70, lanceolata) and probably also C,rubra and 
C,.tenutssima. C.anularis, C.crocea, C.flavtcula, C.lutea and 
C.sylvestris are considered to be synonymous with C.hutehinsonit, 
C.johnsonae and its variety denttrificans have been combined and the 
description of C.johnsonae amended to include denitrification (see 
page 311). Four soil and freshwater species therefore remain, 
C.hutehtinsonit, C.aurantiaca, C.johnsonae and C,sucetnteans, to 


which have now been added C.brunescens (see page 3!5) and C.compacta 


(see page 327), 
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The fish pathogens C.psychrophila and C,cotwmartis will be 
left as they are until more work has been done on them, although 
there is reason to doubt this systematic position (see page 213). 

The marine Cytophaga species have not been studied here, 
but the following comments can be offered. The emendation of 
C.dtffiluens Stanier by Lewin has created a confusing situation (see 
page 23) in this species which will have to be resolved. The lack 
of data on polysaccharide utilization together with the lack of an 
available culture of C.sensttiva means that this species should be 
abandoned, and the descriptions and lack of cultures of C.fermentans 
var. agarovorans, C.krzemientewskae and C.rosea are also bound to 
cause problems, A similar situation with regard to denitrification 
as in C.johnsonae (page 314) may occur in C.haloflava and its 
variety nonreductans, 

The new myxobacterial, nonfrulting genus Lysobacter has 
been proposed, together with three new species L.enzymogenes (the 
'h9S5 group'), Lenzymogenes var. cookit (strain 138), L.gummnosus 
(strain 402) and L.anttbioticus (strain 3C). !t is felt that several 
other reported, unnamed strains may belong in this genus. 

It is recommended that the genus Flextbacter be slightly 
reamended to exclude CMC and chitin degradation (see page 90). It 
is suggested that F.auranttaca be disbanded; further work on the 
two varieties copepodarwn and exeathedrus may indicate them worthy 
of a new specific name(s). Three strains, F.flextlis var. 


pelltculosus, F.sanctt and Flextbacter sp. Fs-1, should be reassigned 
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to Cytophaga (see page 215), and two species, F.aureus and 
Pe tiamiaostn wili have to be discarded as no cultures are available 
and their polysaccharase production its incompletely known (see page 
322). In addition a new species F.canadensis has been described here 
(see page 318), and Flavobacterium hepartnun is suggested as being 
more appropriately assigned as Flextbacter hepartnus (see page 334), 

As a result of this investigation some much~needed pruning 
has been achieved on the genus Flavobacteriun (see pages 65-66, 

329 - 332). F.peetinovorum has been identified as synonymous with 
C.johnsonae and F mentngoseptieun and F,restnovorum NCIB 8767 are 

also thought to belong to Cytophaga. F.heparinwn is reassigned as 
Flextbacter hepartnus, In addition the following six strains have 

been rejected as Flavobacterta; F.arborescens NCIB 8185, F.aquattle 
_NCIB 8535, F.esteroaromaticum NCIB 8186, F.flavescens NCIB 8187, 

F, Luececoloratun NCIB 9324 and F.suaveolans NCIB 8188, Three others 
are questioned, namely Paurantiacun NCIB 8204, F.proteus NCIB 8771 and 
F,suaveolans NCIB 8992, 

Buchanan (56) has made a suggestion that, ''Names of bacterial 
taxa are not validiy published unless they have been recognized or 
evaluated in the bacteriological literature since | January 1950," 
This would handily dispose of some of the poorly defined species, 
notably C.winogradskit Verona 1934, P.flavwn Imsenecki and Solntseva 
1945, P.lanceolatun |Imsenecki and Solntseva 1945, Flextbacter aureus 
Soriano 1945 and F.albuntnosus, were it not for the publication in 
1961 of Jeffers and Holt's evaluation of the taxonomic status of 


members of the Myxobacterales (183), They evaluated C.winogradsktt, 
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P, flavum and P,lanceotatun as validly published and legitimate 
species, However, it would seem to take care of the two Flextbacter 


species, 
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PROFILES OF THE ORGANISMS 
USED IN THE TAXONOMIC STUDY (CHAPTER VItt) 
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PROFILE OF ORGANISM: 


CYTOPHAGA JOHNSONAE ATCC 17061 
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NAD SE RENT NE 


CELLS 

Length 2-36 u Shape Rods Arrangement Single 
Width 0.2 u Motility 7 Flexing + Gram - 
COLONIES #1. SA. PC, 

Form Irregular Irregular irregular 

Surface Rough Rough Rough/Smooth 

Edge Erose Lobate/Erose Erose 

Elevation ET ruse Effuse Ef fuse/Convex 
Opt. Props. Transparent Translucent Translucent 
Colour 125 ¥"7710 WSP - SOYREDALO = 2.5 ¥R 4/10-- 
GENERAL WSP - Subsurface : + Slime Layers - Spreading S 
LIQUID MEDIUM 

Turbidity ++ Flocculence = St tky. °t 
Viscous - Ring + Colour YC 
PHYSIOLOGY 

TEMP°C Min, 10 Opt. 30 Max, 39 

PH Mins: 167 Opt. 7-10 Max. 10 

0, Growth Anaerobic - Candle Jar + Air + Best Candle 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition 3% 
CHO 

SUGARS OF Glucose 0+Slow F Glucose + Sucrose - Lactose + Cb.+ 
ALCORULS Glycerol] = Mannitol - STARCH SSY + NB “+, Potato 7? + 
CELLULOSE Filter Paper + - CHC + AGAK Pits - Gelase+ 
POLYPECTATE + ALGINATE - CHITIN *F 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis +  HKaemolysis - 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 

; a Ny ' —+ dé + ‘* 2 -ein- i te 
NO 5-9 NO, NO, gas or ? NO, as e acceptor Cystein Hes 
Indole = Phosphatase + Catalase + Oxidase + 
N SOURCES 

NO, - NH), + Urea + Glutamate + Asparaginate + Tryptone + 
Casitone + Gelotin + Casein + SM + acetate + Prototrophic - 


Stim, by Y.E. + 


ANTIBIOTIC etc. h 
Actinomycin D 5 
Chloramphenicol $% 

SLS growth reduced 0] 

PREDATION 
b SOt4 = Ps,aerugi 
B,subtilis * Chicrel 
Yeast = Rhizopus 


Needs Y.E. + glu - chitin 


SENSITIVITIES 


Polymyxin B R 1 
R 


NO, - 
Dihydrostrep,. 


] Penicillin G 


growth inhibited .] 
fosa 7 Arthrobacter - S.marcescens - 
1 Actino 327 Actino 41 ? 
= Penicillium ? Sclerotinia + 
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PROFILE OF ORGANISM: 


CYTOPHAGA JOHNSONAE var, DENITRIFICANS 405 


389 


ay, HW aay s « 
(C. JOHNS 


CELLS 

Length 3°20 u Shape Rods Arrangement Single 
Width 0.4 u Motility - Flexing + Gram - 
COLONIES #1. SA. Poy 

Form lrregular lrregular lrregular 

Surface Rough Rough Rough 

Edge Wndulate Lobate Lobate 

Elevation Effuse Effuse Effuse 

Opt. Props. Transparent Transparent Transparent 

Colour AOVYRK7/ATO WSP - 10 YR 6/8 - FBR? 5/8? = 
GENERAL WoRCase|n Subsurface + Slime Layers - Spreading §$ 
LIQUID MEDIUM 

Turbidity + Flocculence ~ Stiky. * 
Viscous - Ring - Colour OY 
PHYSIOLOGY 

TEMP °C Min, 8 Opt. 18 Hax.- 35 

PH Min, 5 Opt. 6-10 Max. 10 

0, Growth Anaerobic - Candle Jar + Adit: ot Best Candle 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 24 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose + Lactose + (Cb, + 
ALCOHOLS Glycerol] - Mannitol] 7 STARCH SS¥ “+ NB +*, Potata ? 
CELLULOSE. Filter Paper >, CNC ~ AGAR Pits - Gelase + 
POLYPECTATE (a AUGPNATE ‘= CHET I 

PROTEINS 


Tryptone + Gelatin liq. * 


Casamino A use + ammonif. + 


Casein lysis + ammonif, + Penassay use + 
BIOCHEMISTRY 
25 ~ ts 7: 

NO. NO, NO, gas or ? NO, as e acceptor 
Indole - Phosphatase + Catalase + 

N SOURCES 

NO, NH), t. Urea.= Glutamate + Asparaginate ~ 
Casitone + Gelatin + Casein + SM + acetate + 


Skim milk lysis * 


Gasiitone use ~ * 


Stim, by Y.E.+glu-chitimleeds Y.E. + 


ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S 


Chloramphenicol R 


SLS growth reduced B03) 
PREDATION 

E. colt 25 Ps.aeruginosa ~~ 
B.subtilis ~ Chlorelia ~~ 
Yeast + Rhizopus 


RO = 


2 


Dihydrostrep. | 
growth inhibited .] 


Arthrobacter 


Actino 32 


Penicillium ? 


++ Cystein-»H 


Haemolysis + 
ammonif. + 
ammonif. + 


“te 
9° 


Oxidase + 


Tryptone t 


Prototrophic™ 


Polymyxin B RR 
Penicillin G@ R 


S.marcescens 
Actino 41] 7 


Sclerotinia 
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PROFILE OF ORGANISM: ALFALFA (CYPOPHAGA JONISONAL) a 
> CEELS 
Length 3-25 wu Shape Rods Arrangement Single 
Width 9.24 Motility  - Flexing)? * Gram - 
COLONIES #1, SA. PC. 
Form Irregular Irregular Irregular 
Surface Smooth Reugh Smooth 
Edge Entire Erose Entire 
Elevation Raised Raised Raised 
Opt. Props. Translucent Translucent Opaque 
Colour 7.5 YR 6/10 WSP ~ 7.5. YR 6/8: - 7 YRS. - 
GENERAL WSP - Subsurface :* Slime Layers Spreading > 
LIQUID MEDIUM 
Turbidity + Pioecullence: + Silky + 
Viscous - Ring - . Colour Dirty C 
PHYSIOLOGY, 
TEMP ’C Mart. <0 Omit, 2025 Max. 30 
PH Mit. 5 Opt. 6-10 Max, 10 
0. Growth Anaerobic - Candle Jar + Aue + Best Candle 
NaCl Good growth up to 1% Partial inhibition<2% Total inhibition 2% 
CHO 
SUGARS OF Glucose 0 Glucose + Sucrose + Lactose + Cb.+ 
ALCOHOLS Glycerol PT oy Mannitol + SmaRCH SSY +? NEP + Potato: + 
CELLULOSE. Filter Paper’ jf CMG “+ AGAR. Pits ~ Gellase + 
POLYPECTATE: 7+ ALGINATE - CHITIN + 
PROTEINS 
tryptanes + Gelatim liq. * Skim milk lysis + Haemolysis ~ 
Casamino A use * ammonif. ~ Casitone use 1g ammoni f. + 
Casein lysis + ammonif, + Penassay use + ammoni f. = 
BIOCHEMISTRY 
NO. NG, + NO, gas Gn e N03 as e” acceptor ?+ Cystein-»H,$ # 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
NOU NH), * Urea + Glutamate t Asparaginate + Tryptone +t 


Gelatin + «<Caseint * SM) + acetate * Prototrophic + 


Stim, by Y.E,-glutchitinNeeds Y.E. ~ 


ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S 


Casitone + 


RR 
R 


NO . Polymyxin B 


2 


Dihydrostrep. I Penicillin G 


(s) 


Chloramphenicol 


SLS growth reduced 01 growth inhibited I 
PREDATION 

cco “= Ps,aeruginosa ~ Arthrobacter S.marcescens ~ 
B.subtilis- Chlorella - Actino 327 Actino 41) ? 


Yeast Rhizopus Penicillium - Sclerotinia ? 
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PROFILE OF ORGANISM: BRYANT (CYTOPHAGA sp.) 


od 


CELLS 

Length 3-105 x Shape Rods Arrangement Single 
Width 0.2 4 Motility - Flexing + Gram 
COLONIES #1, SA. PE. 

Form Irregular Irregular Irregular 

Surface Rough Rough Rough 

Edge Undulate Erose Erose 

Elevation Ef fuse/Umbonate Convex Convex 

Opt. Props. Transparent Transtucent Translucent 

Colour 7.5 YR 6/9 WSP = 5 WR. 5. 57 10_- 4 YR 5/9 - 

GENERAL WSP - Subsurface + Slime Layers + Spreading (R) 
LIQUID MEDIUM 

Turbidity + Flocculence - Silky + 
Viscous - Ring Pellicle Colour Offwhite 
PHYSIOLOGY 

TEMP°C Min, 18 Opt. 20-30 Max. 40 

PH Min, 5 Opt. 6-10 Max, 410 

0, Growth Anaerobic - Candle Jar + Air + Best Candie 
NaCl Good growth up to 0% Partiai inhibition 1% Total inhibition2% 
CHO 

SUGARS OF Glucose F Glucose + Sucrose + Lactose + Cb,+ 
ALCOHOLS Glycerol é}. Mannitol - STARCH SSY + NB + Potato ? 
CELLULOSE Filter Paper = CMC + AGAR Pits - Gelase+ 
POLYPECTATE ?+ ALGINATE 7 CHITIN ++ 
PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis -~ 
Casamino A use ~ ammonif. - Casitone use + ammonif. + 
Casein lysis +t ammonif, + Penassay use + ammonif. - 
BIOCHEMISTRY 
- ie - =” - - c it + 

NO o> NO, NO, >gas or ? NO, as e” acceptor Cystein+H,S 

Indole - Phosphatase * Catalase + Oxidase + 
N SOURCES 

NO,* NH), tf, Urea = Glutamate + Asparaginate + Tryptone + 
Casitone -- Gelatin .+.Casein +» SM + acetate + Prototrophic+ 


Stim, by Y.E.tglu-chitinNeeds Y.E. - 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin DS NO, + Polymyxin B RR 
Chloramphenicol 1 Dihydrostrep. | Penicillin G@ R 
SLS growth reduced .01 growth inhibited .] 
PREDATION 

e. eoit Ps,aeruginosa ™ Arthrobacter ~- S.marcescens- 
B.subtilis - Chlorella =~ Actine $2 - Actino 4] ? 


Yeast + Rhizopus ~ Penicillium ~ Sclerotinia ~ 
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PROFILE OF ORGANISM: A 15 (CYLOPHAGA sp.) 
CELLS 
Length 4-20 u Shape Rods Arrangement Single 
Width O.4 4 Motility. 7 Flexing + Gran 
COLONIES #1. SA, PEs 
Form Irregular Irregular lrregular 
Surface Rough Rough Rough 
Edge Undulate Undulate Undulate 
Elevation Ef fuse/Umbonate Raised Raised 
Opt. Props. Transparent Translucent Translucent 
Colour 7.5 YR°6/10 WSP > & YR@5/ 10 S- U3, Ge. S/UGy = 
GENERAL WSP - Subsurface + Slime Layers + Spreading $ 
LIQUID MEDIUM 
Turbidity ++ Flocculence ~ Silky * 
Viscous = Ring + or Pellicle Colour OY 
PHYSIOLOGY 
TEMP°C Min, 0 Opt. 5-20 Max, 29 
PH Min, 6 Opt, S90 exe, 980 
05 Growth Anaerobic - Candie Jar “+ Aig + Best Candie 
NaC! Good growth up to 0% Partial inhibition 1% Totel inhibition 2% 
CHO 
SUGARS OF Glucose 0 Glucese + Sucrose - lactose Cb. ¢ 
ALCOHOLS Glycerol - -Mannitol) ~ STARCH SSY "+ NB +f , Potato f 
CELLULOSE. Filter Paper yj. CMC - + AGAR Pits - Gelase + 
POLYPECTATE = ALGINATE = Chinitt + 
PROTEINS 
Tryptone + Gelatin liq.t slow Skim milk lysis * Haemolysis + 
Casamino A use * ammonif. + Casitone use + ammonif. + 
Casein lysis * ammonif, * Penassay use +t ammonif. + 
BIOCHEMISTRY 
NO.-> NO, - NO, gas on ? - NO. as e acceptor - Cystein->H.s + 
Indole - Phosphatase + Catalase ? Oxidase + 
N SOURCES 
NO,+ NH), + Urea = Glutamate t Asparaginate + Tryptone+ 
Casitone - Gelatin slowGasein + SM+ acetate +, Prototrophic+ 
Stim, by Y.E.tglu-chitinNeeds Y.E. <-glu + chitin 


ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D §S NO, * Palymyxin B RS 
Chloramphenicol 1 Dihydrostrep. S$ Penicillin G R 
SLS growth reduced 201 growth inhibited A 
PREDATION 

E.coli . Ps,aeruginosa ~~ Arthrobacter - S,tmarcescens - 
B. subtilis: - Chlorella - Actino 32. - Actino 4) - 
Yeaste . + Rhizopus - Penicillium ? Sclerotinia - 
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~2-25 (CYTOPHAGA JOHNSONAR 
PROFILE OF ORGANISM: Rial ROLHAG# ia PHNSONAR? 


ene 


‘GELES ; 
Length 3720 y Shape Rods Arrangement Single 
Width 0.4 y Motility - Flexing + Gram - 
COLONIES ae SAg PGs 
Form Irregular Irregular Irregular 
Surface Rough Rough Rough 
Edge Lobate Lobate Undulate 
Elevation Ef fuse Effuse Raised 
Opt. Props. Transparent Transparent Translucent 
Colour 10 YR 6/10 WsP = 7.5-%R 6/8. - Tio YR B/1TO ~~ 
GENERAL WSP - Subsurface: + Slime Layers + Spreading $ 
LIQUID MEDiUM 
Turbidity wg Ploceulence Shiky + 
Viscous me Ring = Colour OY 
PHYSIOLOGY 
TEMP°C Min, 0 Opt; Max, 30 
PH ~— Mifie D Opt. 6-10 Max, 10 
0, Growth Anaerobic - Candle Jar + Ait Best Candle 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO 
SUGARS OF Glucose F Glucose t+ Sucrose + Lactoset (Cb,+ 
ALEGHOLS Glyéero] + Mannitet — STARCH SSY* NB +. Potato * 
CELLULUSE Filter Paper 7 CME “+ AGAR Pits - Géelase + 
POLYPECTATE 7- ALGINATE - CHITIN + 
PROTEINS : 
Tryptone * Gelatin liq. + Skim milk lysis + Haemolysis + 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif, + Penassay use * ammonif. + 
BIOCHEMISTRY 
i P - ie ? stein- 
NO. NO, + NO,-* gas or 7 NO, as e acceptor ?+ Cystein »HAS = 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO,+ NH), * Urea ™ Glutamate + Asperaginate + Tryptone + 


Gasitone f Gelatin * Caséin * SM + acetate + Prototrophic t 
Stim, by Y.E.+glu-chitinNeeds Y.E. -glu + Chitin 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D  §$ Ry. | ~Polymyxin B RS 
Chloramphenicol §$ Dihydrostrep. R  PenicillinG R 
SLS growth Fadueced =. 07 growth thhibited «1 
PREDATION 

E.€oij ™~ Ps.,aeruginosa ~ Arthrobacter ~ S,marcescens ~ 


B.subtilis - Chicrella~™ - Actine 32 - Actino 41 .- 


Yeast + Rhizopus ? Penicillium ? Sclerotinia - - 
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PROFILE OF ORGANISM: E-1-25 (CYTOPHAGA JOHNSONAE) 
CEELS 


Length 3-15 u Shape Rods Arrangement Single 
Width O.5 i Motility - Flexing 4 Gram a 
COLONIES #1. SA. PC. 

Form Irregular Irregular lrregular 

Surface Rough Rough , Rough 

Edge Lobate Erose Undulate 
Elevation Ef fuse Effuse Convex 

Opt. Props. Transparent Transparent Translucent 

Colour 7.5 YR 6/10 WSP - 7.5 YR 6/10 - 7 oat Re5/ 10 n- 
GENERAL WSP - Subsurface: + Slime Layers + Spreading S 
LIQUID MEDIUN 

Turbidity 4+ Flocculence . Shiky + 
Viscous - Ring = Colour gy 
PHYS TOLOGY ; 

TEMP °C Min. 0 Opt. 20 Max. 30 

PH Min. § Opt. 6-9 Max. 10 

05 Growth Anaerobic - Candle Jar+ Air + Best Candle 
NaCl Good growth up to 0% Partial inhibition1% Total inhibition 2% 
CHO 

SUGARS OF Glucose ‘F Glucose + Sucrose + Lactose + Cb.+ 
ALCOHOLS Glycere] ++ Mannitol *- STARCH SSY + NB + Potato + 
CELLULOSE Filter Papa + CMC +. AGAR Plts--° Gelase + 
POLYPECTATE i? ALGINATE + = CHITIN + 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis + 
Casamino A use + ammonif. + Casitone use + ammoni f. + 
Casein lysis + ammonif, + Penassay use + ammonif. sd 
BIOCHEMISTRY 

NO - NO, + NO,- gas or o> NO, as e” acceptor ?+ Cystein+H,s + 

Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 

NO, + NH, % Urea «= Glutamate + Asparaginate + Tryptone +t 


Casttone + Gelatin «+ Casein “+ SM + acetate «+ Prototrophic * 
Stim, by YE -tglu-chitinNeeds Y.E, - glu + chitin 
ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin D § NO, + Polymyxin BR S 
Chloramphenicol §$ Dihydrostrep. R Penicillin G & 
SLS Sees reduced _—-- 01 growth inhibited «| 
PREDATION 

E coll: <= Ps,aeruginosa ~—- Arthrobacter ~ $.marcescens - 
B,subtitis -- Chlorella ~ Actino 32 - Actino 41 - 


Yeast as Rhizopus ~ Penicillium ? Sclerotinia - 
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PROFILE OF ORGANISM: HO - IA (CYTOPHAGA sp.) 


CELLS 


Length 3-25 y Shape Rods Arrangement Single 
Width 0.4 u Kot ehitty = Phemiue: ©} Gram -~ 
COLONIES #1. SA. RC. 

Form Irregular Irregular lrregular 

Surface Rough Rough Smooth/Rough 

Edge Erose Lobate Erose 

Elevation Ef fuse/Umbonate Effuse Raised 

Opt. Props. Transparent Transparent Translucent 
Colour 7,5 YR 6/11 WSP ~ 10 YR 6/10 = 7.5 TR S710 = 
GENERAL WSP - Subsurface + Slime Layers + Spreading §$ 
LIQUID MEDIUM 

Turbidity ++ Flocculence - Sitky + 
Viscous - Ring - Colour OY 
PHYSIOLOGY 

TEMP°C Min, 0 Opt. 20 Max. 25 

PH Min, 6 Opt. 6-10 Max, 10 

0. Growth Anaerobic = Candle Jar + Asie Best Candle 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition3% 
CHO 

SUGARS OF Glucose 0 Glueose t+ * Sucrose: = tactose = Cb.+ 
ALCOHOLS Glycerol 7 Mannitol 7 STARGH! SS¥' * NB ty , Potato: * 
CELLULOSE Filter Paper + CMC -»+ AGAR Pits.- Gelase t 
POLYRECTATE = ALGINATE 7 CHITIN + 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis * 
Casamino A use + ammonif. + Casitone use * ammonif. 7 
Casein lysis a ammonif, + Penassay use t+ ammonif. 7 
BIOCHEMISTRY 

NO o> NO. - NO, gas ay = NO, as e acceptor - Cystein>H,s + 

Indole - Phosphatase + Catalase + Oxidase + 

N SOURCES 

NO,+ NH), + Upea- Glutamate + Asparaginate + Tryptone + 
Casitone - Gelatin + Casein + SM + acetate +t Prototrophic t+ 


Stim, by Y.E.tglu-chitinNeeds Y.E. - 
ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin D- § NO, i Polymyxin B R5 
Chioramphenicol | Dihydrostrep, S$ Penicillin G R 
SLS onewth reduced 01 growth inhibited 1 
PREDATION [ 
ES cont -" Ps.aeruginosa —~ Arthrobacter ~ S.marcescens ~ 
B.subtilis ~ Chlorella ~ Actino 32 7 Actino 4)? 


Yeast, + Rhizopus ~ Penicillium ? Sclerotinia 
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PROFILE OF ORGANISM: 


1-10 (CYTOPHAGA sp.) 
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“GELES 

Length 2720 yu Shape Rods Arrangement Single 

Width 0,2 u Motility - Flexing + Gram- 
COLONIES #1. SA, PC. 

Form Irregular Irregular Irregular 

Surface Smooth Rough Smooth 

Edge Undulate Erose Entire 

Elevation Flat Effuse Raised 

Opt. Props. Transparent Translucent Translucent 

Colour 7.5 YR 6/12 WSP - 7.5 ¥R'6/10-- 7.5 VR 5/10 - 


GENERAL WSP - Subsurface: + Slime Layers - Spreading S 
LIQUID MEDIUM 
Turbidity Bik Flocculence + Silky + 
Viscous - Ring + Colour Dirty Y 
PHYSIOLOGY 
TEMP °C Min, 0 Opt. 20 Max, 30 
PH Maite 5 Opt. Soho Max, 10 
0, Growth Anaerobic - Candle Jar + Air* + Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition? 3% 
CHO 
SUGARS OF Glucose 9 Glucose + Sucrose t Lactose +t Cb,t 
ALCOHGES: Glycerol -. Mannitol +  ShARCH SSY + NB + | Potato + 
CELLULOSE Filter Paper +. CMC + AGAR Pits - Gelase + 
POLYRECTARE Ph -+ ALGINATE - CHITIN: + 
PROTEINS 
Tryptone * Gelatin liq. “+ Skim milk lysis + Haemolysis + 
Casamino A use + ammonif. - Casitone use = ammonif. + 
Casein lysis + ammonif, * Penassay use ar ammonif. + 
BIOCHEMISTRY 
: ;, a in-»H,S + 
NO 5-7 NO, NO. gas or ? NO, as e acceptor Cystein-» 9° 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO, + NH), + Unread + Glutamate + Asparaginate + Tryptone + 
Casittone + Gelatin * Casein * SH + acetate + Prototrophic + 
Stim, by Vobo + Needs: Yobae ~~ 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D NO, - Polymyxin B RR 
Chloramphenicol] (S) Dihydrostrep., R Penicillin G R 
SLS growth reduced i, growth inhibited wl 
PREDATION { 
Ba coll~ Ps,aeruginosa - Arthrobacter - S.marcescens - 
B.subtilis ? Chlorella - Agting 32° + Actino 41 + 
Yeast Rhizopus - Penicillium - Sclerotinia 7? 
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PROFILE OF ORGANISM: 3 
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(CYTOPHAGA JOHNSOWAE) 


GALLS 

Length 3-25 u Shape Rods Arrangement Single 
Width 0.3 u Noting = Flexing? + Gram - 
COLONIES - SA. PC. 

Form Irregular Irregular Irregular 
Surface Rough Rough Smooth 

Edge lLobate Erose Enbire 

Elevation Effuse Ef fuse/Umbonate Convex 

Opt. Props, Transparent Translucent Translucent 
Colour LO YR 6/72 WSPP a= 5 YR 6/10- 5 YR 5/10 - 
GENERAL WSP ~ Subsurface: + Slime Layers - Spreading S$ 
LIQUID MEDIUM 

Turbidity +4 Flocculence - Silky + 
Viscous - Ring Pellicle Colour OY 
PHYSIOLOGY 

TEMP? Min, 0 Opt. 30 Max, 35 

PH Min, 5 Opt. 5-10 Max, 10 

0, Growth Anaerobic - Candle Jar + Airt Best Candle 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 2% 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose + Lactose + Cb.+ 
ALCOHOLS Glycerol - Mannitol - STARGH]SSY° + NG te, Potato, * 
CEUNMNOSE Filter Paper- CMC + AGAR Pits - Gelase, + 
POHYPECTATE ?+ ALGINATE - GEHL + 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis t Haemolysis + 
Casamino A use + ammonif. + Casitone use + ammonif., + 
Casein lysis + ammonif, + Penassay use + ammonif. * 
BIOCHEMISTRY 

NO. NO, + NO,-* gas One Tt NO, ase acceptor t+ Cystein--Hs + 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 

NOt NH, + Urea ?- Glutamate + Asparaginate + Tryptone + 
Casitone - Gelatin + Casein + SM + acetate + Prototrophic * 
ee, boyy Yanko Needs) YE: ~ 
ANTIBIOTIC etc, SENSITIVITIES 

Actinomycin D S$ NO, - Polymyxin B I S$ 


Chioramphenicol | 


SLS growth reduced .01 


PREDATION 

E.coli - Ps,aeruginosa ~ 
B.subtilis - Chlorella 7 
Yeast + weak Rhizopus 7 


Dihydrostrep. S Penicillin G | 


growth inhibited .1 


Arthrobacter — S.marcescens ~ 
Retino: 32) 7 


Penicillium 


Actino 41> 


t Selerotinia - 
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PROFILE OF ORGANISM: 
GELLS 
Length 1-9 u 
Width 0.3 u 
COLONIES Al, 
Form Irregular 
Surface Smooth 
Edge Lobate 
Elevation Er Truse 


Opt. Props. Transparent 
Colour 7.5‘YR°5/10 


GENERAL WSP- 


LIQUID MEDIUM 
Turbidity ++ 


3- Ig 


WsP = 
Subsurface + 
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(CYTOPHAGA sp.) 
Shape Rods Arrangement Single 
Motility ~ Flexing + Gram - 
SA. PG, 
Irregular Irregular 
Rough Rough 
Undulate Undulate 
Flat Raised 
Translucent Translucent 
7.5-YR 6/8 - 8 YR 5/8 - 
Slime Layers - Spreading S 
Flocculence - Silky + 


Viscous - Ring Colour OY 
PHYSIOLOGY 

TEMP ’C mitts 5 Opt. 25 Max, 30 

PH Min, 5 Opt. 5 Max, 10 

05 Growth Anaerobic - Candle Jar + Air * Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition 3% 
CHO 24 

SUGARS OF Glucose 0 Glucose + Sucrose + Lactose slow Ps 
ALCOHULS Glyeéerol “- Mannrtel- stake SSY + Ne +" Potato it 
CELLULOSE Filter Papéf r. CME + AGAR Pits “-. Gélase “+ 
POLYPECTATE + ALGINATE - CHrihk <= 

PROTEINS 

Tryptone + Gelatin liq. Skim milk lysis t Haemolysis ~ 
Casamino A use + ammonif. + Casitone use + ammonif. + 


Casein lysis gs 


BIOCHEMISTRY 
NO.» NO, + NO 


3 2 2 
Indole - Phosphatase + 
N SOURCES 
NO, = NAY + Urea "+ 
Casitone + Gelatin ?- 


Stim, by Y.E.tglu-chitinNeeds Y.E. 
SENSITIVITIES 


ANTIBIOTIC etc. 
Actinomycin D 


Chloramphenicol (S) 
SLS growth reduced 01 


PREDATION 
Ey coli ay 


B,subtilis- 


Yeast - 


ammoni f, 


~gas or ? + NO, 


Glutamate + 


Casein + 


Ps,aeruginosa 
Chlorella 


Rhizopus = 


Penassay use + 


as e” acceptor 


Gatalase 7 


NO,- 


Dihydrostrep. (R) 


Asparaginate + 


SM + acetate + 


ammonif. ?+ 


?+ Cystein-+H,S + 


2 
Oxidase + 


Tryptone + 


Protetrophic - 


47 op] uw mg «ichitin 


Polymyxin BR $ 


Penicillin G | 


growth inhibited ?.] 


= Arthrobacter - 


7 Actino 32 - 


Penicillium ? 


S.marcescens - 
Actino 1 + 


Sclerotinia ? 
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PROFILE OF ORGANISM: 3-22 (CYTOPHAGA sp.) 


“CELLS 
Length 1-15. un. Shape Rods Arrangement Single 
Width 0.3 4 Motiliey - Flexing + Gram - 
COLONIES #1, SA. PG. 
Form Irregular Irregular Irregular 
Surface Smooth Smooth Smooth | 
Edge Undulate Undulate Undulate 
Elevation Ef fuse Flat Raised 
Opt. Props. Transparent Translucent Translucent 
Colour 10 YR 6/10 WSP - 10 YR 6/12 ~ LoD TORBEN - 
GENERAL WSP - Subsurface + Slime Layers - Spreading S 
LIQUID MEDIUM 
Turbidity ++ Flocculence - ahbky + 
Viscous = Ring Colour OY 
PHYSIOLOGY 
TEMP°C fin. 20 Opt. 10 Max, 30 
PH Him, © 5 Opt. 6 Max, 10 
05 Growth Anaerobic ~- Candle Jar + Rip Best Candle 
NaCl Good growth up to 1% Partial inhibition<2%Total inhibition2% 
CHO 
SUGARS OF Glucose 0 Glucose + Sucrose + Lactose + Cb,+ 
ALCOHOLS Glycerol] - Mannitol - STARCH SSY+ NB ?+ Potato ?+ 
CELLULOSE Filter Paper 7. CME * AGAR Pits - Gelase + 
POLYPECTATE + ALGINATE 7 CHITIN: = 
PROTEINS 
Tryptone + Gelatin liq. ? Skim milk lysis + Haemolysis - 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammoni f, Penassay use + ammonif. + 
BIOCHEMISTRY 
= } - S - ent 2+ ej + 
NOs NO, + NO,-* gas ro? a NO, as e” acceptor Cystein-+H,$ 
Indole - Phosphatase + Catalase ? Oxidase + 
N SOURCES 
NO. - NH) + Urea + Glutamate + Asparaginate + Tryptone + 


Casitone + Gelatin ?- Casein + SM + acetate + Pretotrophic - 
Stim, by Y.E.tglu-chitinNeeds Y.E. + glu n.g. chitin 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D NO, - Polymyxin BR S$ 
Chloramphenicol R Dihydrostrep, R Penicillin G |! 
SLS qnoweh reduced <.] growth inhibited | 
PREDATION 
E.coli; ~ Ps,aeruginosa ~~ Arthrobacter ~ S.marcescens ~ 
B.subtiiis 7 Chlorella +t Actino 32 7~ Actino 4) * 
? 


Yeast ~ Rhizopus ~ Penicillium ? Sclerotinia ! 
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PROFILE OF ORGANISM: 4433 (CYTOPHAGA JOHNSONAE) ——_ 
GELLS 
Length 3-12 u Shape Rods Arrangement Single 
Width O.4 u Hetitity - Prening «¢ Gran = 
COLONIES #1 SA. PC. 
Form irregular Irregular !rregular 
Surface Rough Rough Smooth 
Edge Lobate Undulate Undulate 
Elevation Effuse Effuse Umbonate 
Opt. Props. Transparent Transparent Translucent 
Colour 10 YR 6/10 WSP - 5 YR*5.5/10=— F.ORNRP OSS = 
GENERAL WSP - Subsurface ~ + Slime Layers - Spreading §S 
LIQUID MEDIUM 
Turbidity or Flocculence = oitky + 
Viscous - Ring - Colour OY 
PHYSIOLOGY 
TEMP °C Min, 0 Opt. 18 Max, 30 
PH Min, 5 Opt. 5a 0 Max, 10 
05 Growth Anaerobic ~ Candle Jar + Ala Best Candle 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO 
SUGARS OF Glucose 0 Glucose + Sucrose- Lactose + Cb, + 
ALCOHOLS Glycerol ~-  Mannitel ~ STARCH SSY + NB *. Potato + 
CELLULOSE Filter Paper m CMC += AGAR Pits ~- Gelase t 
POLYPEGTATE * ALGINATE ~ CHITIN * 
PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis +  Haemolysis +t 
Casamino A use + ammonif. + Casitone use + ammoni f. i. 
Casein lysis x ammonif, + Penassay use + ammoni f. 2 
BIOCHEMISTRY 
NO o> NO. + NO,--gas or ?- NO, as e acceptor ?+ Cystein-»H,$ + 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO + NH) + Urea - Glutamate + Asparaginate - Tryptone + 
Casitone + Gelatin + Casein + SM + acetate + Prototrophic + 


Stim, by Y.E#glu-chitin Needs Y. 


ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D- $ 


Chloramphenicol S 


SLS growth reduced 0] 
PREDATION 
Ee. coli “- Ps,aeruginosa - 


B.Ssubtrlis ~~ Chlorella - 


Yeast + Rhizopus -— 


E. - glu + chitin 


NO, - 
Dihydrostrep. R 


growth inhibited 


Arthrobacter 7 
Actino 32 7 


Penicillium ? 


Polymyxin B RS 
Penicillin G R 
oT 


S.marcescens 7 
Actino 41 7 


Sclerotinia 7 
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PROFILE OF ORGANISM: 4539 (CYTOPHAGA JOHNSONAE) 


RS 0 NO NT NS EE en nee RE A 


CELLS 

Length 3-20 Shape Rods Arrangement Single 
Width Oe a” Motihity = Flexing + Gram - 
COLONIES #1. SA. PC. 

Form Irregular Irregular Circular 

Surface Smooth Rough Smooth 

Edge Lobate Erose Entire 

Elevation Effuse Effuse Flat 

Opt. Props. Transparent Transparent Translucent 

€otour 7 5yNYRG6/10 WSP - TREN: [7 a3= 97 YR 67954 

GENERAL WSP - Subsurface + Slime Layers - Spreading §$ 
LIQUID MEDIUM 

Turbidity +t Flocculence - Silky «+ 
Viscous = Ring Pellicle Colour deep COY 
PHYSIOLOGY 

TEMP°C Min, (0 Opt. 18-20 Max. 30 

PH Min, 5 Opt. Sr10 Max, 10 

0, Growth Anaerobic ~- Candle Jar + Air + Best Candle 
NaCl Good growth up to 09% Partial inhibition 1% Total inhibition 3% 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose+ Lactose+ Cb,+ 
ALCOHOLS Glycerol - Mannitol - STARCH SSY + NB +. Potato + 
CELLULOSE Filter Paper + CMC -- AGAR Pits - Gelase + 
POLYPECTATE ?- ALGINATE - CHITIN + 
PROTEINS 

Tryptene + Gelatin liq. + Skim milk lysis + Haemolysis + 
Casamino A use t ammonif. + Casitone use + ammonif. a 
Casein lysis +t ammonif, + Penassay use ) ammonif. t 
BIOCHEMISTRY 

NO 37 NO, zr NO. gas or i NO, as'e™ acceptor ?+ Cystein-»H,S + 
Indole ~ Phosphatase + Catalase + Oxidase + 
N SOURCES 

NO.* NH), = trea - Glutamate + Asparaginate + Tryptone + 
Casitone - Gelatin+ Casein 4+ SM +-ecetate*+ + Protetrephic + 
Stim, by Y.E, = Needs Y.E, = 
ANTIBIOTIC etc, SENSITIVITIES 

Actinomycin D §$ NO, + Polymyxin BR I 
Chloramphenicol s Dihydrostrep. | Penicillin G R 
SLS growth reduced +01 growth inhibited  .1 
PREDATION 

ES Scott -- Ps.,aeruginosa - Arthrobacter - S.marcescens = 
B.subtilis - Chlorella - Actino 32. - Actino 41 - 


Yeast + Rhizopus ~ Penicillium ? Sclerotinia - 
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PROFILE OF ORGANISM: 4707 (CYTOPHAGA JOHNSONAE) . 


CELLS 

Length 3~20 u Shape Rods Arrangement Single 
Width 0.4 u Motility = Flextng 4 Gram ~ 
COLONIES #1, SA. PC 

Form Irregular Irregular Irregular 

Surface Smooth Rough Smooth 

Edge Erose Undulate Undulate 
Elevation Effuse Ef fuse Convex 

Opt. Props. Transparent Transparent Translucent 
Colour 10 YR 6/10 WSP = hoe tte YW / S_= 7.5 YR 6/10 - 
GENERAL WSP - Subsurface: * Slime Layers 7” Spreading S 
LIQUID MEDIUM 

Turbidity ++ Flocculence - Silky + 
Viscous - Ring - Colour COY 
PHYSIOLOGY ; 

TEMP°C Min, 0 Opt, 18-25 tax. 30 

PH Min, 5 Dpt,. 5>10 . Max. 10 

0, Growth Anaerobic - Candle Jar + Ate Best Candle 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition2% 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose + Lactose + Cb,+ 

2 

ALCOHOLS Glycerol] $fowMannitol = STARCH SSY + NB* +. Potato ?+ 
CELLULOSE Filter Paper + CMC -»* AGAR Pits - Gelase * 
POLYPECTATE ?- ALGINATE 7 CHITIN * 
PROTEINS 

Iryptone * Gelatin liq: * Skim milk lysis + Haemolysis + 
Casamino A use +  ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 

NO o> NO, + NO, gas or ? - NO, as e acceptor ?+ Cystein+H,s + 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 

NO3+ NH, + Urea *- Glutamate + Asparaginate + Tryptone + 
GCasitone = Gelatin *+ Casein “+ SM + acetate + Prototrophic + 
sor, by Vek. “= Needs Y.E. = 
ANTIBIOTIC etc. SENSITIVITIES 

Actinomycin D S ee” Polymyxin B RR 
Chloramphenicol S Dihydrostrep. | Penicillin G R 
SLS growth reduced .01 growth inhibited .| 
PREDATION 

taco. Ps,aeruginosa i Arthrobacter 7 S,marcescens 7 
Bysubtilis ~ Chlorella ~ Acting 32°~ Actino 4] ? 


Yeast 47 Rhizopus ~ Penicillium ? Sclerotinia 
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PROFILE OF ORGANISM: FLAVOBACTERIUM PECTINOVORUM 9059 (CYTOPHAGA JOHNSONAE) 


ET te ON 


CELLS 
Length °")-35 4, Shape Rods Arrangement Single 
Width 0.3 u Motility ~ Flexing + Gram - 

COLONIES #1, SA. POs 
Form lrregular Irregular “ Circular 
Surface Rough Rough Rough 
Edge Undulate Erose Erose 
Elevation Flat Ef fuse Convex 
Opt. Props. Transparent Translucent Translucent 
Colour 10 YR 7/10 WSP - 2.5 YR 4/12 - 5 YR: 5/10) = 
GENERAL WSP - Subsurface + Slime Layers - Spreading S$ 

LIQUID MEDIUM 
Turbidity ++ Flocculence « stiky  * 
Viscous = Ring + Colour OY 

PHYSIOLOGY 
TEMP °C Min, 0 Opt. 18-20 Max. 30 
PH min. 5 Opt. 5-10 Max, 10 
0, Growth Anaerobic - Candle Jar + £Air + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 

CHO 
SUGARS OF Glucose 0 Glucose t+ Sucrose + Lactose + Cb,+ 
ALCOHOLS Glycerol - Mannitol - STARCH SSY + NB + Potato ? 
CELLULOSE Filter Paper +. CMC *+ AGAR Pits = Gelase + 
POLVPECTATE * 7+ ALGINATE - CHITIN + 

PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis + 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif, + Penassay use + ammoni f. + 

BIOCHEMISTRY 
NO > NO, + NO,~gas or aa NO, as e~ acceptor ?+ Cystein--H,S + 
Indole - Phosphatase + Catalase + Oxidase + 

N SOURCES | 
NO,* Nip, + Urea + Glutamate + Asparaginate + Tryptone + 
Casitone - Gelatin + Casein + SM + acetate + Prototrophict 


+ glu., | bor: 
Stim, by Y.E, - Chitin Needs Y.E, ~ glu + chitin 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D S NO, 43 Polymyxin BR | 
Chloramphenicol (S) R Dihydrostrep., | Penicillin G ! 
SL growth reduced 01 growth inhibited >] 
PREDATION 

E.coli - Ps,aeruginosa - Arthrobacter - S.marcescens - 
B.subtilis + Chlorella - Actino 32 - Actino 41? 


Yeast + Rhizopus - Penicillium ? Sclerotinia ? 
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PROFILE OF ORGANISM: -FLEXIBACTER FS-1 (CYTOPHAGA JOHNSONAE) 


a i ne a i i an en a en a em a 


CEEES 
Length 10-400 yw Shape Rods Arrangement Single 
Width Cope (0.4 i) hotthity. =~ Flexing * Gram - 
- COLONIES ue SA. PC. 
Form lrregular lrregular Irregular 
Surface Rough Reugh Rough 
Edge Erose Erose Erose 
Elevation Ef fuse Effuse Undulate 
Opt. Props. Transparent Transparent Translucent 
Colour 7.5 YR ‘6/10 WSP eo BOO! Ae BYR 5/10 = 
GENERAL WSP - Subsurface ~ Slime Layers ~ Spreading 9% 
LIQUID MEDIUM | 
Turbidity + Flocculence - Silky + 
Viscous - Ring Colour Offwhite 
PHYSIOLOGY . 
TEMP’ C Hine O15 Opt. 25 Max. 935 
PH Min, if Opt. 7-10 Max. 10 
0, Growth Anaerobic - Candle Jar + Nite © Best Candle 
NaCl Good growth up to 0% Partial inhibition<1I% Total inhibition 1% 
CHO 
SUGARS OF Glucose 0 Glucose, * sucrose +) Lactose t Cb s+ 
ALCOHOLS Glycerol ~ Mannitol ~ STERCH Ssi0ne Noh “Potato: = 
CELLULOSE Filter Paper r- CMC + AGAR Pits ~ Gelase t 
POLYPECTATE * ALGINATE PCr iG 
PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis growth 
Casamino A use ammoni f. Casitone use + ammonif. - 
Casein lysis + ammonif, + Penassay use armoni f. 
BIOCHEMISTRY 
> N 4 >in->H 
NO g-9 NO. NO, gas vor ane NO, as e acceptor Cystein ~HAS 
Indole -~- Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO, NH), - Urea + Glutamate + Aspareginate + Tryptone + 
Gasitone ?* Gelatin? Casein *+ SM # acetatet Prototrophic + 


Stim Dy” YcE. + abv ein Needs Y.E.- glu + chitin 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D- § NO, Polymyxin B I §$ 
Chloramphenicol (S) R Dihydrostrep. R Penicillin G R 
SLS growth reduced .01 growth inhibited .1 
PREDATION 

Beco Ps.aeruginosa ~ Arthropacter. - S.mafcescens = 
B.subtilis ? Chlorella ~~ Retioo 3c = Recing: 41. A> 


Yeast + Rhizopus ~ Penicillium = Sclerotinia t 
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Shape Rods 
MOLI GREY) 
COLONIES #1, SA. 
Form 

Surface 

Edge 
Elevation 
Opt. Props. 
Colour 
GENERAL WSP - 


LIQUID MEDIUM 
Turbidity + 


WSP 
Subsurface - - 


Siitie Layers 


STANIER 6 


Arrangement Single 
Flexing + Gram - 


PC. 


Spreading R 


Flocculence Wea eee Sy 


Viscous i Ring on paper only Colour C 
PHYSIOLOGY . 

TEMP °C Min. 20 Dot. 2535 Max. 35 

PH Min. Opt. Max, 

05 Growth Anaerobic - Candie Jar + ti: + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 2% 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose - Lactose ? Cb, + 
BLGOHOLS Glycerol“. Wannitok + SPARGH SSY¥ - NB =. Potato- 
CELLULQSG Filter Paper + CMC +t» AGAR Pits = Gelase + 

POLYPECTATE = ALGINATE - CHITIN = 
PROTEINS 

Tryptone - Gelatin liq. - Skim milk lysis ~ Haemolysis gPowth 
Casamino A use ammoni f. Casitone use ammonif. 

Casein lysis ? ammonif, - Penassay use ammonif. 
BIOCHEMISTRY 

NO.-7 NO, NO,-* gas or kd NO, as e acceptor Cystein-+H,s 
Indole ~ Phosphatase growthCatalase + Oxidase + 
N SOURCES | 

NO. NHy, + Utea Giutamate Asparaginate Tryptone 
Casitone Gelatin Casein SM + acetate Prototrophic 


Stim, by Y.E, n.g. chitiNeeds Y.E. 


ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D HS NO, 


Chloramphenicol 


Dihydrostrep. | 


Hic G-actin It 


Polymyxin BRS 
Penicillin G (S) R 


SLS growth reduced  -9 growth inhibited .| 

PREDATION 

&. cobs Ps. aeruginosa Arthrobacter ~ S.marcescens - 
B.subtilis - Chlorella - Actino 32 - Actino 4] - 
Yeast - Rhizopus ~~ Penicillium - Sclerotinia 
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PROFILE OF ORGANISM: CYVOPHAGA HUTCHINSONIT NC1B 10782 ce a 
GEELS 


Length 1-6 y Shape Rods Arrangement Single 
Width 0.1 u AGG hay Flexing + Gram - 
COLONIES #1, SA. PG. 

Form Punctiform 

Surface Smooth 

Edge Entire 

Elevation Raised 

Opt. Props. Translucent 

Colour WSP 7.5 YRL6/12 - 
GENERAL WSP - Subsurface - Slime Layers - Spreading R 
LIQUID MEDIUM Benita 

Turbidity — Flocculence rai paper Silky - 
Viscous = Ring On paper only Colour "YC 
PHYSIOLOGY 

TEMP*C Min, 20 Opt. 20-30 Max, 35 

PH Min, Opt. Max. 

0, Growth Anaerobic - Candle Jar + Bik Best Air 

NaC] Good growth up to 0% Partial inhibition 1% Total inhibition 2% 
CHO 

SUGARS OF Glucose 0 Gloeose * Sucrose ~ Lactese- ” Cb, + 
AEGCHULS Ghyuceror ~ Mannite? -- STARGH SSY — NB = Potato = 
GELLUEOSE Filter Paper FT. CMG + AGAR Pits ~ Gelaseé * + 
PORYPEG?PATE ~ ALGINATE - CHITIN = 
PROTEINS a 
Tryptone = Gelatin liq. - Skim milk lysis - Haemolysis growth 
Casamino A use ammoni f. Casitone use ammonif. 

Casein lysis 2 ammonif, - Penassay use ammonif. 
BIOCHEMISTRY 

NO => NO, NO. gas or # NO, as e acceptor Cystein-H,s 
Indole ~ Phosphatase ? Catalase Oxidase t 
N SOURCES 

NO, NH), + Urea ?+ Glutamate Asparaginate Tryptone 
Casitone Gelatin Casein SM * acetate Prototrophic 


Stine by YeEvngochitin Needs Ysbs ng. chitin 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D HS NO, Polymyxin B RR 
Chloramphenicol §$ Dihydrostrep. S$ Penicillin G | 
SLS growth tedueed growth inhibited 
PREDATION 

Es éolt ™ Ps,aeruginosa - Arthrobacter - S.,marcescens - 
B.subtilis - Chlorella- Actino 32- Actino 41 - 


Yeast = Rhizopus = Penicillium - Sclerotinia- 
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PROFILE OF ORGANISM: 


LOT 


(CYTOPHAGA BRUNESCENS) 


a 


CELLS 

fansel § 2<20'u Shape Rods Arrangement Single 
Width 0,3 x Motility -«" Fiexind: oo Gran -= 
COLONIES #1, SA. rc. 

Form lrregular lrregular lrregular 

Surface Rough Rough Rough 

Edge Lobate Lobate Undulate 

Elevation Ef fuse Ef fuse/Convex Effuse/Umbonate 
Opt. Props. Transparent Transparent Translucent 

Colour 2,5 Y 4/6 WSP + 10 YR 4/6 + 2.5 ¥ 3/4 + 
GENERAL WSP a|most Subsurface + Sline Layers - Spreading § 

always 

LIQUID MEDIUM 

Turbidity ++ Flocculence - silky + 
Viscous - Ring + Pellicle Colour Dirty OY 
PHYSIOLOGY 

TENP*C Hiny 15 Opt. 0) Max. 40 

PH Hin, 5 Opt. 5-10 Max. 10 

0, Growth Anaerobic ~- Candle Jar + Air + Best Air 

NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 2% 
CHO 2S low 

SUGARS OF Glucose 9,- Glucose t+ Sucrose - Lactose ~ Cb,- 
ALCOHOLS Glycerol ~ Mannitol ~ STARCH SSY + NB?+ Potato + 
CELLULOSE Filter Paper =~ CMC - AGAR Pits - Gelase + 
POLYFECTATE ~ = ALGINATE 7 CHITIN * 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis = 
Casamino A use + ammonif. - Casitone use + ammonif. + 
Casein lysis +t ammonif, - Penassay use + ammonif. = 
BIOCHEMISTRY 

NO o> NO, n.g NO, gas or NO, as e” acceptor - Cystein-H,s iu 
Indole ~- Phosphatase * Catalase + Oxidase + 
N SOURCES 

NO NH), = Urea * Glutamate ~ Asparaginate- Tryptone + 
Casttone ~- Gelatin » + Casein t+ SM + acetate t Prototrophic * 
+ glu ve 


Stim, by ne - chitin 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D- § 
Chloramphenicol § 

SLS arouth reduced 0] 
PREDATION 

Ev.coli * Ps,aeruginosa 


B.subtilis + 


Yeast + 


Rhizopus 


Needs Y.E. 


+ 


Chiorella +* ..: 


| 
Penicillin G § 
] 


NO, + Polymyxin B S 


Dihydrostrep,. § 


growth inhibited 


Arthrobacter + S.marcescens 


‘Aetlno Cy 


Penicillium 


Actino 4) + 


+ Scterotiniat 
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PROFILE OF ORGANISM: 0 (CYTOPHAGA BRUNESCENS) 


en 


CELLS 
Length 2-11 u Shape Rods Arrangement Single 
Width O23 Motil i tyy = Fiex@ng) 4 * Gram - 
COLONIES #1. SA. PCY 
Form Irregular Irregular }rregular 
Surface Rough Rough Rough 
Edge Lobate Undulate Undulate 
Elevation Effuse Ef fuse/Raised Ef fuse/Umbonate 
Opt. Props, Transparent Transparent Translucent 
Colour 2.5 Y 4/6 WSP + 10 YR 4/6 + Fa ey Mee: 
GENERAL WSP a|most Subsurface + Slime Layers - Spreading S 
always 
LIQUID MEDIUM 
Turbidity = Floeciulence= si ikyy + 
Viscous 2 Ring + or Pellicle Colour Brownish 
PHYSIOLOGY | 
TEMP’C Miny. 15 Optt. 30°35 Mares, 35 
PH Wing. 5 Opt. 5-0 Max, 10 
05 Growth Anaerobic 7~ Candle Jar + Mire + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 2% 
CHO 
SUGARS OF Glucose 0 Glucose + Sucrose - Lactose- Cbr 
ALCOHOLS Glycerol - Mannitol - STARGHO SSY*+ NB? 77" Potatoo + 
CELLULOSE! Fiitcer” Paper’ - Cree = AGAR Pits - Gelase + 
POLYPECTATE - ALGINATE - CHITING + 
PROTEINS | 
Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis ™ 
Casamino A use + ammonif.. ~~ Casitone use + ammonif. + 
Casein lysis +t ammonif, - Penassay use t ammonif. = 
BIOCHEMISTRY 
- . : pos in-sH,S + 
NO. NO, ng. NO,-* gas Crt NO, as e” acceptol Cystein-; HAs 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO.+ NH), + Urea - Glutamate - Asparaginate - Tryptone t+ 
Casitone = Gelatin t+ Casein’ + SM + acetate + Prototrophic t+ 
Sting. by? YL. 91 Bi tin Needs? YLE.. -+gluidtichitin 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S NO, + Polymyxin BI S$ 
Chloramphenicol S$ Dihydrostrep,. S Penicillin G §$ 
SLS growth reduced .01 growth inhibited | 
PREDATION 
Ewcolt * Ps.aeruginosa * Arthrobacter + S.,marcescens 
B.subtilis + Chlorella + Actino 32. ? Actino 41 + 


Yeast + Rhizopus + Penicillium * Sclerotinia +* 
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PROFILE OF ORGANISM: 
CELLS 


6 (CYTOPHAGA BRUNESCENS) 


LOg 


eR IE Nn I i a NE AEE 


kength °2-15%u Shape Rods Arrangement Single 
Width 0,2-0.5 u Motility - Flexing + *Gran “. 
COLONIES #1. SA. Po. 

Form lrregular Irregular 

Surface Rough Rough 

Edge Erose Erose 

Elevation Effuse Effuse 

Opt. Props. Transparent - Transparent 


WSP + 
Subsurface + 


Colour 5 Y 3/4 
GENERAL WSPa|mos t 
always 


LIQUID MEDIUM 


a5 oe 9.5/6. + 


Slime Layers - 


Spreading S 


Turbidity et Proceulence = SEY. + 
Viscous se Ring + or Pellicle colour * Coy 
PHYSIOLOGY 

TEMP°C Min, (20 Opt. 40 Max. 40 

PH Min, 6 Opt. 6-10 Max, 10 

05 Growth Anaerobic ~ Candle Jar + Air + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition <¢<!1% Total inhibition 1% 
CHO ae + 

SUGARS OF Glucose growth Giticose| sucrose — “Kactose= ‘Cb. - 
ALCOHOLS Glycerol ~ Mannitol ~- STARCH SSY + NB ?+ Potato + 
DELBMEOSE frariiger "Paper ~ CHC ~~ AGAR Pits - “Gela@se © + 
POLYPECTATE - | ALGINATE = CHITIN + 
PROTEINS 

iryptone “+ Gelatin Vig. + Skim milk lysis + iidlihce een ar 
Casamino A use + ammonif. - Casitone use + ammonif. + 
Casein ysis “+ ammonif, - Penassay use + ammonif. - 
BIOCHEMISTRY 

NO? NO, ng. NO, gas Sr NO, as ‘e . acceptor - Cystein-H,S + 
Indole - Phosphatase + Catalase + Oxidase + 


N SOURCES , 


NO, - NH, Slow Urea = 


Casitone - Casein 


Gelatin + 


atin, iby Ye. a av ein Needs Y. 


ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S 


Chloramphenicol S&S 


SLS growth reduced 0] 
PREDATION 

E. codi - Ps,aeruginosa - 
B.subtilis + Chlorella + 
Yeast + Rhizopus “= 


Glutamate - 


Asparaginate 
+ SM + acetate + 


BX +ochitin 


NO + 


Pa 
Dihydrostrep. S$ 
growth inhibited .1 
Arthrobacter ? 
Actino 32 - 


Penicillium - 


5S 
Actino 4] 


- Tryptone + 


Prototrophic 


Polymyxin B {| § 


Penicillin G | 


marcescens = 


“+b 


Sclerotinia - 
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PROFILE OF ORGANISM: "5"! (CYTOPHAGA BRUNESCRUS) 


GELS 
Length le24 m Shape Rods Arrangement Single 
Width OF 2r0.5 u Motility = Flexing + Gram - 
COLONIES #1, SA. PC. 
Form Irregular lrregular Irregular 
Surface Rough Rough Rough 
Edge Undulate Erose Erose 
Elevation Ef fuse/Convex Ef fuse/Convex Ef fuse/Convex 
Opt. Props. Transparent Translucent Teegerecent 
Colour 10 YR 5/8 WSP- 7.5 YR 4/8 + eeu 248 Hs sp LO 
GENERAL WSP Slteee Subsurface + Slime Layers - Spreading. S 
LIQUID MEDIUM 
Turbidity aa / Flecculence:- silky + 
Viscous 3 Resign + Colour Dirty OY 
PHYSIOLOGY 
TEMP °C Mai., 15 Opt. 40 Max. 40 
PH Min, 5 Opt. 7-10 Max, 10 
0, Growth Anaerobic ~- Candle Jar t Aim + Best Air 
NaCl Good growth up to 0% Partial inhibition 1%Total inhibition 2% 
CHO 
SUGARS OF Glucose 0 Glucosert' Suerose ~ Usctose-- Cho 
ALCOHOLS Glycerol = Mannitol - STARCH SSY + NB ?+ Potato + 
CELLULOSE Filter Paper - CMC - AGAR Pits- Gelase * 
POLYPECTATE. ~ | ALGINATE 7 CHITING + 
PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis *  Haemolysis 7 
Casamino A use + ammonif.- Casitone use + ammonif., + 
Casein lysis + ammonif,- §Penassay use = ammonif. 7 
BIOCHEMISTRY 
NO.-7 NO, na NO,->gas or ( ag NO, as e” acceptor ~ Cystein-H,$ sl 
Indole - Phosplictase +. Catalase + Oxidase + 
N SOURCES 
NO,* NH, * Urea ~ Glutamate + Asparaginate + ~ Tryptone t 
Casitone + Gelatin + Casein + SM + acetate * Prototrophic +t 
Stim, by VE. = Needs Y.E. ~ 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin DD §$ NO, “a Polymyxin B 1s 
Chloramphenicol §$ Dihydrostrep. | Penicillin G | 
SLS growth reduced am growth inhibited A | 
PREDATION 
E. coli + Ps.,aeruginosa + Arthrobacter + S.marcescens - 
B.subtilis + Chicrella + Retina 32. ~ Actino 4] + 


Yeast + Rhizopus ? Penicillium + Sclerotinia - 
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PROFILE OF ORGANISM: PC 15 “M¥xOCOCCUS) 


a i a a A NR RT Le ae ar ee 


GELELS 

Length 24 y Shape Rods Arrangement Single 
Width 0.6 u Mott hity ~~ Flexing 7- Gram, <~ 
COLONIES #1. SA. PC. 

Form Circular Circular Circular 

Surface Smooth Smooth Smooth 

Edge Erose Entire Entire 

Elevation Raised Raised Convex 

Opt. Props. Transparent Opaque . Opaque 

Colour 2.5 YR 6.5/4 — WSP- BUEMyReddeg than SeadER gbaR 
GENERAL WSP - Subsurface 4 7/- Slime Layers- Spreading  (S) 
LIQUID MEDIUM 

Turbidity 7 Flocculence - Stik = 
Viscous 2 Ring Colour v.pale 
PHYSIOLOGY palais 
TEMP°C Min, 10 Opt. 25 Max, 30 

PH Min, e Opt. 5-8 Max. 10 

0. Growth Anaerobic ~ Candle Jar + Aim -t Best Candle 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO oe 

SUGARS OF Glucose action Glucose ? Sucrose - Lactose - Cb.- 
ALCOHOLS Glycerol ~ Mannitol = STARCH SSY **+ NB + Potato 
GELLULOSE  Fihter Paper. C€MG %e. AGAR Pits --  Gebase + 
POLYPEGTATE = | ALGINATE 7 CHITIN + 
PROTEINS he 
Tryptone + Gelatin liq. + Skim milk lysis +  Haemolysis growth 
Casamino A use + ammonif. - Casitone use + ammonif. + 
Casein lysis 1 ammonif, - Penassay use + ammonif. 7 
BIOCHEMISTRY 
aoe - saad a = a “4 > + j = + 

NO 6-9 NO, NO, >gas or ? NO. Se” acceptor Cystein > HS 
Indole - Phosphatase + Catalase ? Oxidase + 
N SOURCES 

NO. NH, ? Urea, ~ Glutamate ~ Asparaginate ~ Tryptone ~ 
Casitone + Gelatin + Caseint SM + acetate + Prototrophic 
Sti? bye. ss Needs Y.E. _ cnitin 
ANTIBIOTIC etc. SENSITIVITIES 

Actinomycin D S ‘NO, + Polymyxin B R | 
Chloramphenicol S Dihydrostrep. | PenicillinG | 
SLS growth reduced <¢.91 growth inhibited .01 

PREDATION 

E. cobi * Ps.aeruginosa  ~ Arthrobacter - S.marcescens = 

BR. subphlic ." Chlorella ~ Actino 32. ~ Actino 41 ~ 


Yeas& «7 Rhizopus ~ Penicillium 7 Sclerotinia ? 
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PROFILE OF ORGANISM: 9-11 (sp.?) 

CELLS 
Length JI-5 u Shape Rods Arrangement Single 
Width 0.7 u Motility ~ Flexing - Gram - 

COLONIES #1, SA, PC. 

Form Irregular Irregular Circular 
Surface Rough Rough Smooth 
Edge Erose Erose Eng®ice 
Elevation Effuse Effuse Pulvinate 
Opt. Props, Transparent Transparent Opaque 
Colour Fisker ban WSP - ogcer than 2,5 yr Redder than 2.5 YR 
GENERAL wep Subsurface +! Slime Layers - preading S 

LIQUID MEDIUM 
Turbidity + Floccalence - oi tky- 
Viscous = Ring ColourV.pale 

PHYSIOLOGY te 
TENP*C Hin, . +0 Opt, 20 Max, 30 
PH Min, 6 Opt. 6>9 Max, 10 
05 Growth Anaerobic Candle Jar Air Best 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 24 

— No. | 
SUGARS OF Glucose action Glucose ?+Sucrose ~ Lactose ~ Cb.~ 
ALCOHOLS Glycerol ~ Mannitol ~ STARCH S$sY + NB + Potato ?* 
CELLULOSE Filter Paper- CMC ?- AGAR Pits - Gelase + 
POLYPECTATE - ALGINATE ~ CHITIN = - 

PROTEINS Ne 
Tryptone + Gelatin liq. ? Skim milk lysis + Haemolysis growth 
Casamino A use + ammonif. ~ Casitone use + ammonif, + 
Casein lysis + ammonif, ~  Penassay use * ammonif. ~ 

BIOCHEMISTRY 

x = - - + a + 
NO = NO, NO,— gas oF 4% NO, as e” acceptor Cystein »HAS 
Indole ~- Phosphatase + Catalase * Oxidase + 

N SOURCES — 

NO," NH, ! Urea ~ Glutamate 7 Asparaginate ~ Tryptone * 
Casitone + Gelatin ?- Casein ?+ SM + acetate + 
Prototrophi¢ Stim. by. Y,E. 4 Needs YE. + chitin 


ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin 0 NO, = Polymyxin B RS 


Chloramphenicol §$ Dihydrostrep. R Penicillin G S$ 
SUS orewth reduced 4.01 growth Inhibited .01 
PREDATION 

be cOlt = Ps.aeruginosa™ Arthrobacter - S.marcescens ~ 
B.subtilis ~ Chiorella Actino 32 - Actino 41 7 
Yeast + weak Rhizopus ~ Penicillium ~ Sclerotinia ~ 
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PROFILE OF ORGANISM: 9D (FLEXIBACTER CANADENSIS) 
GELLS 

Length 3-60 u Shape Rods Arrangement Single 
Width 0.3 u Mote y Pity = Flexing + Gram - 
COLONIES #1. SA. PG. 

Form Irregular lrregular Irregular 
Surface Rough Rough Smooth 

Edge Lobate Lobate Lobate 

Elevation Ef fuse Effuse Effuse/Raised 
Opt. Props. Transparent Translucent Translucent/OQpaque 
Golour 2.5 YR*8/2 WSP > 10 YR 8/2 - 2.5 YR 6/3 - 
GENERAL WSP - Subsurface + Slime Layers ~ Spreading §$ 
LIQUID MEDIUM 

Turbidity +3 Flocculence ~- Stttlikey, + 
Viscous > Ring ~ Colour White 
PHYSIOLOGY 

TEMP°C Hin, 10 Opt, 18-30 Max, 40 

PH Min, 5 Opt. 6-8 Max. 10 

0, Growth Anaerobic ~ Candle Jar + Alig at Best Candle 
NaC] Good growth up to. 0% Partial inhibition 1% Total inhibition 2% 
SUGARS OF Glucose F Glucose t Sucrose - Lactose t Cb 
ALCOHOLS Glycerol + Mannitol - SHARCH SS¥ + NB + Potato ? 
GCELEVLOSE Ethter Paper- CMG -, AGAR Pits - Gelase + 
POLYPECTATE ?+. | ALGINATE - CHLRIN; = 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis ~ 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif, 7 Penassay use t+ ammonif. + 
BIOCHEMISTRY 

NOo-% NO, NO,-7 gas OG): teh NO, as e acceptor tt Cystein-»H,S + 
Indole ~ Phosphatase + Catalase t Oxidase t 
N SOURCES 

NO. ~ NH, + Urea Giutamate ~ Asparaginate ~ Tryptone t 
Gasttone + Gelatin + Casein +» SM + acetate + Prototrophic - 


Stim, by Y.E. + @h¥tin Needs Y.E. + 


ANTIBIOTIC etc. 


SENSITIVITIES 


Actinomycin D §$ NO, - Polymyxin B RS 
Chloramphenicol §$ Dihydrostrep. S$ Penicillin G@ R 
SLS growth reduced ¢.! growth inhibited ol 
PREDATION 

&. cape. ~ Ps.,aeruginosa Arthrobacter ~ $.marcescens ~ 
B.subtibis + Chlorella ? heting 32 + Actino 4) ? 
Yeast ~ Rhizopus ~ Penicillium - Sclerotinia - 


is LO TEWAQAM ) CaO EIS 6e “282 aang wo 2. 
he merece re ee CR are enact ' ata 
JnomeaorwA © abet eget. tg ORE 
hp + oniaal ~ yNTilgow 4g €,8 

54 7 Ma rae a 
Igluestyi velupaTs) oo “telupert © any 
Ade se AguoA i an ‘towed , 
medol a 3ed0J ;  eieded = 
ion hee F +3 3 —®? Eu Tt S P * geet no] rove 
ch Lard 1 " gapaplengat - eles Y -eaon4d 4 
ENa AY 2% ap Ske AY Ot = qe RNB y 2.5 wok 
+ae 23 i fz | youuedue | a2 sae 


ae 


B aa 
= 


24 

iP Ale 

itd2 ol oo seen fayead 4 o, ere f 

i ;  “egata a WW 
v ees | 


OF cxeht "OGM gd | Oh git 
Of {ae Bede - “gig e nth Raita 
stbas? gene + ATA + 6b 0 thawed noon weed ib 
oisidians \Goreh ef aotsidtit jaline9 86 of qu ddworg ‘heed 
| eo aaa ae aes 
euGtand - stor aye + sagoout le sooulp ac ) 

{f oteict + GH + ¥22 HaAATe ~ lojiaash | aaeaegl ‘om 

ew co sie “syeget sos tia 380M 
* tlie _ oo ee aTATODMY. an 

one oo aheyk ati avi vee pt aidetep ere onaigyy 
+ inom §+ sia spo 099 * -Ainominn, + ae Aw onimee es 
| * pew yeedone’ “ “dtincmne: oi Stel sinless: a 


es, | ks are na 
i Co Heri ites avd oF? aoe) q9aa0 “8 "es ab Bon + £. ap) 260 gah + i " 


+ 
oS 


+ geehl xd oa 7 Le ceéiaie 2 * sek aad 4 
iy es ah ¢ _ i : we i 


Vin : : _ -RgIANOe 

* anorgyaT ~~ at’ ‘ignreges ~ s¥eneiufo = jean e nt 50M 
° atdgorsoyar® + miaaege + 2 + niaegd + ntastyo we healed 

Df a bd 7 ore 3 ¥ ghoeit nti 


$A 8 nteymytat re 
A a millisine® 
a o i £ 


414 


PROFILE OF ORGANISM: 4g5  (LYSOBACTER ENZYMOGENES) 
GELLS 
Length 2430 Shape Rods Arrangement Single ° 
Width 0.5 u Moti Pty” .- Flexing + Gram = 
COLONIES ¥P a SA. PO: 
Form }rregular Irregular Irregular 
Surface Rough Smooth Smooth 
Edge Undulate Erose Erose 
Elévation Effuse/Flat Ef fuse/Raised Ef fuse/Convex 
Opt. Props, Transparent Translucent Translucent 
Colour 2.5 Y 6/6 WSP - 2.5 Y 6.5/6 - 2.5 Y¥ 5/4 ~ 


GENERAL WSP - 
LIQUID MEDIUM 


Subsurface + 


Slime Layers - Spreading § 


Turbidity ++ Flocculence - Silky + 
Viscous + Ring + or Pellicle Colour Offwhite 
PHYSIOLOGY 

TEMP® GC Min, 10 Opt. 35 Max. “35 

PH Min, 5 Opt. . 5"TO Max, 10 

0, Growth Anaerobic ~ Candle Jar + Air + Best Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose + Lactose+ Cb. + 
ALCOHOLS Glycerol - Mannitol - STARCH SSY- NB - Potato - 
CELLULOSE Friter Paper -,. CMC + AGAR Pits - Gelase + 

FOLYPEGTATE ‘= | ALGINATE + CHITIN + 

PROTEINS 


Tryptone +t Gelatin liq. + 


Skim milk lysis + Haemolysis ++ 


ammonif. + 


Casamino A use +  ammonif. + Casitone use + 

Casein lysis = ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 

NO > NO, ~ NO, gas or 27 NO, ase” acceptor ~  Cystein-+H,S ” 
Indole - Phosphatase + Catalase + Oxidase * 
N SOURCES 

NO,- NH,+ Urea . Glutamate + Asparaginate * Tryptone * 
Casitone + Gelatin + Casein + SM + acetate t Prototrophic* 
Saini. by YE. F Needs Yi ~ 
ANTIBIOTIC etc. SENSITIVITIES 

Actinomycin D §$ NO, + Polymyxin B ! S 

R 


Chloramphenicol S$ 


SLS growth reduced .01 
PREDATION 
E.coli - Ps.aeruginosa ? 


B.subtilis + Chlorella * 


Rhizopus * 


Yeast i 


Penicillin G 
sg 


Dihydrostrep. R 
growth inhibited 


S.marcescens ~ 
oa 


Arthrobacter * 


Actino 32 * Actino 4] 


Penicillium * Sclerotinia ~ 
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PROFILE OF ORGANISM: AL=] ( i ) (LYSOBACTER NZYMOGENES ) 


anne gneeetanteneaneete et 


GELLS 

Length I-20 .u Shape Rods Arrangement Single 
Width 0.3u Menrilitiay «7 Flexing + Gram ~ 
COLONIES #1, SA. PC. 

Form Irregular lrregular Irregular 

Surface Rough/Smoocth Smeoth Smooth 

Edge Lobate Erose Entire 

Elevation Raised Ef fuse/Raised Convex 

Opt. Props. Translucent Translucent Ergns lucent 

Colour 5 YR 8/4 WSP - BY Woh - 25" 5°¢cH9 WS 
GENERAL WSP often Subsurface '- Slime Layers - Spreading § 
LIQUID MEDIUM 

Turbidity ++ Flocculence - Silky + 
Viscous + Ring Colour C 
PHYSIOLOGY 

TEMP°C Min, 5 Opt. 30 Max. 35 

PH Min, 7 Opt. 7-10 Max, 10 

0. Growth Anaerobic - Candle Jar + Rufe + Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition 3% 
ee ar on Betion 1 2+ Sucrose - L gee 

G F ucose ucose ‘* Sucrose actose.) Pini kcns 

ALCOHOLS Glycerol ~ Mannditeall ~ STARCH SSWe-. NBr Potato ~ 
CELLULOSE Filter Paper- CMC + AGAR Pits - Gelase + 
POLYPECTATE ?7 ALGINATE * CHARIN: + 

PROTEINS 

Tryptone + Gelatin liq. * Skim milk lysis* Haemolysis tt 
Casamino A use + ammonif. * Casitone use * ammonif., ~ 
Casein lysis * ammonif, + Penassay use * ammoni f. 
BIOCHEMISTRY 

NO 3-7 NO, ~ NO,-gas or 7 NO, as: e” acceptor * Cystein->H,S~ 
Indole 7 Phosphatase + Catalaset Oxidase * 

N SOURCES 

NO," NH), = Urea - Glutamate + Asparaginate + Tryptone + 
Casitone ?+ Gelatin + Caseint SM + acetate * Prototrophic 
Stim, ty Y.E. + Needs Y,E, ~ chitin 

ANTIBIOTIC etc, SENSITIVITIES 

Actinomycin D s ie, * Polymyxin B RS 
Chloramphenicol R Dihydrostrep. R Penicillin G@ R 
SLS growth reduced 0] growth inhibited .] 

PREDATION 

E.coli Ps.aeruginosa ? Arthrobacter + S.marcescens - 
B.subtilis + Chlorella + Actino 32 + Actino 41+ 


Yeast + Rhizopus + Peniciliium + Sclerotinia + 
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PROFILE OF ORGANISM: ___Al-1 (iit) (LYSOBACTER ENZYMOGENES) 
CELLS 
Length 1-7 u Shape Rods Arrangement Single 
Width O.4 u Motility - Flexing + Gram . 
COLONIES #1. SA. PGs. 
Form Irregular lrregular Irregular 
Surface Smooth Smooth Smooth 
Edge Undulate Entire Entire 
Elevation Raised Convex Convex 
Opt. Props. Translucent Opaque Tran Mag nt 
Colour 5 Y 7/6 WSP- 5 Y 7.5/4 = 2 ¢ 5 O76 Ha 
GENERAL WSP often Subsurface -. Slime Layers- Spreading § 
LIQUID MEDIUM 
Turbidity ++ Flocculence - silky + 
Viscous - Ring colour © 
PHYSIOLOGY 
TEMP°C Mie 5 Opt. 30 Max. 35 
PH Min, 6 Opt. 6-10 Max. 10 
0, Growth Anaerobic ~ Candle Jar + Nir + Best Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
nee acti 2+ S ee ee 
UGAR OF Glucose action Glucose ?+ Sucrose actose), CPsroy 
ALCOHOLS Glycerol - Mannitol = STARCH SSY- Ne “~- Potato * 
GELLULUSE filter Paper CMC + AGAR Pits - Gelase + 
POLYPECTATE ?- ALGINATE + CHITING 
PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis +* Haemolysis + 
Casamino A use + ammonif. + Casitone use + ammonif. = 
Casein lysis + ammonif, + Penassay use + ammonif. = 
BIOCHEMISTRY 
. nN - ses - ¥ = *stein-~H - 
NO o> NO. NO. gas or ? NO, as @ aceeptor Cystein- 9° 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO. NH), = N¥ea- Glutamate + Asparaginate + Tryptone + 
Casitone ?+ Gelatin + Casein + SM + acetate + Prototrophict 


Stim, by Y.E, + Ghitin Needs Y.E. 


ANTIBIOTIC etc, 


SENSITIVITIES 
Actinomycin D s 


Chloramphenicol R 

SLS growth reduced 01 
PREDATION 

Bs 60ti + Ps.,aeruginosa - 


B.subtilis + Chlorella + 


Yeast + Rhizopus + 


NO. 


Dihydrostrep. R 


growth inhibited 


Arthrobacter + 
Actino 32 + 


Penicillium + 


eS 
R 


Polymyxin B 


Penicillin G 


of 


S.marcescens- 
Actino 41 + 


Sclerotinia + 
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PROFILE OF ORGANISM: 


AV? 
AL-1 (iii) (LYSOBACTER EVZYMOGENES) 


es 


 GEERLS 
Length . 1-8 u Shape Rods Arrangement Single 
Width 0.4 u Motility - Flexing + Gram ~ 
COLONIES #1. SA. PC. 
Form irregular Irregular Irregular 
Surface Smooth Smooth Smooth 
Edge Erose Undulate Entire 
Elevation Ef fuse/Raised Raised Convex 
Opt. Props. Transparent Translucent LE RE Tec eytwsp 
Colour 5 Y 8/5 WSP - Oo cae -2.5 Y 5/6 + wsp 


GENERAL WSP often Subsurface 


LIQUID MEDIUM 


i Slime Layers™~ 


Spreading S 


Turbidity ++ Flocculence - Silky + 
Viscous + Ring Colour Dic 
PHYSIOLOGY 
TEMP? C Mai. 5 Opt. 30 tax, 35 
PH Mim. 6 Opt. 6-10 Max. 10 
05 Growth Anaerobic - Candle Jar + Air + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
Cho No. 2+ 2+ 
SUGARS OF Glucose action Glucose ?+ Sucrose - Lactose CDs, 
slow’ siow 
ALCOHOLS Glycerol - Mantiitol == SEARGH SS = NB = Porate = 
CEELULCGSE. Friter Paper - CMG + AGAR Pits - Gelase + 
PUEYPECTATE = ALGINATE + CHITIN + 
PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis ++ 
Casamino A use + ammonif. + Casitone use + ammonif. = 
Casein lysis + ammonif, + Penassay use + ammonif. - 
BIOCHEMISTRY 
paces =a ! s a } 3 a - ‘ige 1 = 
NO 3-4 NO, NO,-* gas or NO, s e acceptor Cystein »HAS 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
NOs NH) ~ Urea = Glutamate + Asparaginate + Tryptone + 
Casitone @* Gelatin + Casein + SM + acetate + Prototrophic 
Sein. by YsE. a Needs Y.E. - chitin 
ANTIBIOTIC etc, SENSITIVITIES 
Actinomycin D S NO, = Polymyxin BRS 
Chloramphenicol (?S) R Dihydrostrep, R Penicillin G R 


SLS growth reduced Cel 


PREDATION 
Extal, = 


B.subtilis + 


Ps,aeruginosa ? 
Chlorella + 
Rhizopus + 


Yeast a 


growth inhibited .| 


Arthrobacter + S.marcescens - 


Actino 4] + 


Actino 32 + 


Penicillium + Sclerotinia + 
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PROFILE OF ORGANISM: CYZOPHAGA JOHNSOWAB ATCC 21123 (LYSOBACTER ENC YMOGENES) 


CELLS 
Length fe Shape Rods Arrangement Single 
Width O.4 us Motility - Flexing + Gram - 
COLONIES #1, SA. Pi. 
Form = Circular = Circular = Circular 
Surface Smooth/Rough Smooth Smooth 
Edge Erose Erose Entire 
Elevation Ef fuse/Raised E fF fuse/Convex Convex 
Opt. Props. Transparent Translucent Transparent 
Colour BY AS AS WSP - 200% -7 5/0 = ZN G5) o= 
GENERAL WSP - Subsurface + Slime Layers - Spreading § 
LIQUID MEDIUM 
Turbidity ++ Flocculence - Silky + 
Viscous Z Ring Colour Dirty LC 
PHYS!OLOGY 
TEMP°C Min, 10 Opt; 30-35 Max. 35 
PH min, 5 Upes 5=FC Max. 10 
0, Growth Anaerobic - Candle Jar + Air + Best Air 
NaCl Good growth up to 2% Partial inhibition 3% Total inhibition »3% 
CHO 
SUGARS OF Glucose 0 Glucose + Sucrose + Lactose + Cb, + 
ALCOHOLS Glycerol - Mannitol - STARCH SSY - NB - Potato - 
CELLULOSE Filter Paper - CMC + AGAR Pits - Gelase + 
POLYPECTATE ?+ ALGINATE + CHITIN + 
PROTEINS 
Tryptone + Gelatin lig. + Skim milk lysis + Haemolysis ++ 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 
NO3-7 NO, + NO, gas Scr = N03 as-e” acceptor + Cystein+H,$ + 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
Noh NH), + Urea + Glutamate + Asparaginate + Tryptone + 
Casitone + Gelatin + Casein + SM + acetate + Prototrophic + 
Stim, by ¥.E. + leeds YE. = 
ANTIBIOTIC etc, SENSITIVITIES 
Actinomycin D S$ NO, = Polymyxin B- RS 
Chloramphenicol 1 Dihydrostrep. R Penicillin G R 
SLS growth reduced .| growth inhibited >.1 
PREDATION 
c.<ola = Ps.,aeruginosa ~ Arthrobacter + S.marcescens + - 
B.subtilis + Chlorella + Actino 32 + Actino 41 + 


Yeast + Rhizopus + Penicillium + Sclerotinia + 
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PROFILE OF ORGANISM: 18 L Y (LYSOBACTER ENZYMOGENES) 
“GELLS 
Length 1-6 u Shape Rods Arrangement Single 
Width O.4 x Mosiittety, = Flexing + Gram = 
COLONIES #1, SA. BC. 
Form + Circular * Circular a Circular 
Surface Smooth Rough Smooth 
Edge Undulate Erose Entire 
Elevation Convex Ef fuse/Convex Convex 
Opt. Props. Transparent Translucent Translucent 
Colour 10 YeaoGe a WSP - 10. YR 6.5/5 - Prag d) ipL >. - 
GENERAL WsP SA+SLS~"Subsurface - + Slime Layers - Spreading §$ 
LIQUID MEDIUM 
Turbidity ++ . Flocculence ~ Silky ra 
Viscous - Ring ee Colour Dirty 
LC 
PHYSIOLOGY 
TEMP°C Min, 10 Opt. 30 Max, 40 
PH Min. 6 Opt. 6-10 Max, 10 
0, Growth Anaerobic - Candie Jar + Air + Best Air 
NaCl Good growth up to 1% Partial inhibition 2@ Total inhibition 73% 
CHO 
SUGARS OF Glucose 0 Glucose. + Sucrose, # kLactose + Gb, + 
ALGOHOLS. Ghycerok - Mannitol + STARCH SS¥-. NB = _ Potato - 
GELLULOSE ihter Paper..- OMG + AGAR Bits. -  Gehase + 
POLYPECTATE - ALGINATE - CHITIN + 
PROTEINS ' 
Tryptone + Gelatin liq. * Skim milk lysis * Haemolysis ++ 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis us ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 
NO a> NO. - NO,-* gas on a - NO, as e” acceptor + Cystein-H,$ - 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO, + NH, ¢ Urea + Glutamate+ Asparaginate + Tryptone + 
Gasiitone, +» Gehatin + Casein. + SM + acetate + Prototrophic + 
Seo, ay Vester, aft, Needs: YE . = 
ANTIBIOTIC etc, SENSITIVITIES 
Actinomycin D NO, 2 Polymyxin B 
Chloramphenicol | Dihydrostrep, R Penicillin G R 
SLS growth reduced ¢.1 growth inhibited  .1 
PREDATION 
EB. COhk = Ps,aeruginosa ? Arthrobacter - S.marcescens ~ 
B.Subtikhs: - Chlorella ~ Actino 32 + Actino 4] + 
2 


Yeast + Rhizopus ~ Penicillium * Sclerotinia 
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PROFILE OF ORGANISM: 18 t W (LYSOBACTER ENZYMOGENES 
CELLS 
Length 1-6 Shape Rods Arrangement Single 
Width O.4 - Motility - Flexing ata |< 
COLONIES ielt Sh. PGi. 

Form a Circular lrregular = Circular 

Surface Smoeth Rough/Smooth Smooth 

Edge Erose Erose Undulate 

Elevation Ef fuse/Convex Ef fuse/Convex Convex 

Opt. Props. Transparent Opaque Opaque 

Colour 5 Y 7/4 WSP - Ze NGL = 5 Y 6.5/6 - 

GENERAL WSP somes Subsurface: + Slime Layers - Spreading §S 
LIQUID MEDIUM 

Turbidity ++ Fiecculence = Silky a 

‘ - fe : ' 

Viscous Ring + Colour Biptye 
PHYSIOLOGY | 

TEMP°C Mile 200 - Ope 30 Max, 40 

PH ~ Min, 5 Opt... 5-10 Max, 10 

0, Growth Anaerobic Candle Jar + Air + Best Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition?3% 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose + Lactose + Cb,+ 
ALCOHOLS Glycerol} - Mann btek = STARCH SSY - NB © - Potata: ~ 
CELIUKOSE Filiter Paper - CMC + AGAR Pits ~ Gelase + 
POLYPECTATE = ALGINATE - Chin = 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysist Haemolysis t+ 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammnonif, + Penassay use + ammonif. * 
BIOCHEMISTRY 

\ : - - e = + co S on i - 
NOs NO, NO. gas a) paar NO, as'e” acceptor Cystein »HOS 
Indole - Phosphatase * Catalase * Oxidase 
N SOURCES 

NO.* NH, * Urea + Glutamate + Asparaginate + Tryptone + 
Casitone + Gelatin + Caseint SM + acetate) + Prototrophic + 


Stim, by Y.E.4?+chitin) Needs Y.E.- 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D NO, 7 Polymyxin B RS 
Chioramphenicol (S) Dihydrostrep,. R Penicillin G R 
SLS growth reduced om. growth inhibited .| 
PREDAT 1! ON 

&.. catii - Ps.,aeruginosa ? Arthrobacter +  S.marcescens + 
B.subtilis + Chlorella + Actino 32 + Actino 41 + 


Yeast + Rhizopus - Penicillium + Sclerotinia + 
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PROFILE OF ORGANISM: 


CELLS 
Length 1-4 u 
Width O.4-0.5 u 
COLONIES e+. 
Form * Circular 
Surface Smooth 
Edge Undulate 
Elevation Raised 
Translucent 


Opt. Props. 
Colour 5 Y 7/4 
GENERAL WSP 


LIQUID MEDIUM 


WSP 5 


often Subsurface -~ 


24 


4553 (i) (LYSOBACTER ENZYMOGENES) 
Shape Rods Arrangement Single 
Motility = Flexing * Gram =~ 

SA. re. 
Circular Circular 
Smooth Smooth 
Entire Erose 
Convex Convex 
Translucent Opaque 
5 Y 8/4 - 2.5 Y 6/6 - 

Slime Layers ~ Spreading 5S 


Turbidity ++ Floecubence, et Silky + 

Viscous + Ring for Pellicte Colour Offwhite 
PHYSIOLOGY | 

TEMP°C Min, 10 Opt. £30 Max, 35 

PH Min, 9 Opt. WorkO Maxy, 0 

0., Growth Anaerobic - Candle Jar + Air + Best Candle/Air 
NaCi Good growth up to 1% Partial inhibition 2% Total inhibition »3% 
CHO 

SUGARS OF Glucose 0 Glucose+t Sucrose + Lactose + Cb,+ 
ALCOHOLS Glycerol - Mannitol - STARCH SSY= we - Potato - 
CELLULOSE . Filter Paper = CMC + AGAR Pits - Gelase “t 
PORYPECTATE! = ALGINATE + CHIT =* 

PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis ++ 


Casamino A use + 


ammonif. + 


Casitone uset 


Casein lysis + ammonif, + Penassay uset 
BIOCHEMISTRY 
NO o> NO, + NO, gas or t= NO, as e” acceptor- 
Indole - Phosphatase + Catalase + 
N SOURCES 
NOt NH), «= Urea - Glutamate + Asparaginat 
Casitone *+ Gelatin * Casein * SM + acetatet 
+ 
Stim, by Y.E. - ehitin Needs Y.E. - 


ANTIBIOTIC etc. 
Actinomycin D S$ 


Chloramphenicol 


SENSITIVITIES 


t - 
NO, 


Dihydrostrep,. R 


SLS growth recuced ra | growth inhibited 
PREDATION 

E.cali ° Ps,aeruginosa - Arthrobacter + 
B.subtilis + Chlorella + Actino 32 + 
Yeast + Rhizopus + Penicillium + 


ammonif. + 
ammonif. + 


S 


Cystein-H, 


Oxidase + 


e +. Tryptone * 


Prototrophict 


Polymyxin B RS 
Penicillin G R 


a 


S.marcescens + 
Actino 4} + 


Sclerotinia ? 
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PROFILE OF ORGANISM: 4553 (ii) (LYSOBACTER ENZYMOGENES) _ 
CELLS 
Length 1.5=3 Shape Rods Arrangement Single 
Width 0.4 4 Motility  - Flexing + Gram - 
COLONIES #1, SA. PC. 
Form Irregular Irregular Circular 
Surface Rough Rough Smooth 
Edge Undulate ° Undulate Entire 
Elevation Ef fuse/Raised Effuse/Raised Convex 
Opt. Props. Transparent Translucent Translucent 
Colour 10 YR 6/6 WSP - 7.5 YR 5.5/6 - 2.5 Y 6/6-— 
GENERAL WSP often Subsurface: - Slime Layers - Spreading S$ 
LIQUID MEDIUM 
Turbidity a Flocculence + Silky + 
Viscous + Ring .+* Colour C 
PHYSIOLOGY 
TEMP°C Min, 10 Opt. 5 Max, 35 
PH Min, 6 Opt. 610 Max. 10 
0, Growth Anaerobic ~ Candle Jar + Ain. Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition ? 3% 
CHO 
SUGARS OF Glucose 0 Glucose + Sucrose + Lactose t Cb,t 
ALCQHOLS Glycerol - Mannitol ~ STARCH SSY~ Ne Potato = 
CELLULOSE Filter Paper -,. CMC + AGAR Pits ~ Gelase t 
POLYPECTATE - ALGINATETt CHITIN + 
PROTEINS 
Tryptone + Gelatin lia. + Skim milk lysis * Haemolysis + 
Casamino A use +  ammonif. + Casitone use * ammonif. + 
Casein lysis + ammonif, + Penassay use * ammonif. * 
BIOCHEMISTRY - 
NOs NO. + NO, gas er 75 NO, as e” acceptor ~ Cystein-+H,s 
Indole - Phosphatase * Catalase t Oxidase * 
N SOURCES i 
NO. + NH, * Urea ~ Glutamate * Asparaginate 4 Tryptone 


Casitone t Gelatin + Casein * SM + acetate * Prototrophic* 


ce: tee 
Stim. by ¥.6, ~ chitin Needs Y.E. 7 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D § NO, - Polymyxin B |S 
Chloramphenicol R Dihydrostrep.R PenicillinG R 
$1 arauth peduced <.1 growth inhibited «1 
PREDATION 

E.coli - Ps,aeruginosa ~—- Arthrobacter - S.marcescens * 
B.subtilis - Chiorella + Actino 32 ? Actino 41 * 


Yeast + Rhizopus + Penicillium ? Sclerotinia 
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‘ERLS : 
Length zo M Shape Rods Arrangement Single 
Width 0.5 u Motility  - Flexing + Gram - 
COLONIES #1, SA, PC. 

Form 2 Circolar 2 Circular Circular 

Surface Smooth Smooth Smooth 

Edge Undulate Erose Undulate 

Elevation Effuse/Raised Effuse/Raised Convex 

Opt. Props. Translucent Translucent Opaque 

Colour 225°Y/7/6 WSP - 10 YR 6/6 - 2.5 Y 6/6- 

GENERAL WSP often Subsurface -+ Slime Layers - Spreading S$ 
LIQUID MEDIUM | 

Turbidity ++ Flocculence - Sitky ++ 
Viscous + Ring  PelFicle Colour Offwhite 
PHYS !OLOGY | 

TEMP°C Min, 10 Opt. 35 Max, 40 

PH Min, 95 Ope, ©5510 Max, 10 

0, Growth Anaerobic - Candle Jar + nate Best Candle/Air 
NaCt Good growth up to 1% Partial inhibition2% Total inhibition > 3% 

CHO 
SUGARS OF Glucose 0 Glucose + Sucrose + Lactoset Cb,t 
MUGGHOLS. Glycero?“- Mannitol "- STAREH-SSY © NB = Potato ~ 
CELLULOSE Fitter Paper =. ENC + AGAR Pits. “~~ Gelase + 
POETrECTATE <- ALGINATE + CHITIN + 

PROTEINS ‘ 

Tryptone + Gelatin liq. + Skim milk lysis * Haemolysis ++ 
Casamino A use + ammoni f. + Casitone use * ammonif. * 
Casein lysis + ammonif,t+ § Penassay use * ammonif. + 
BIOCHEMISTRY 

= - - - i 

NO 5-7 NO. + NO, >gas or ? NO, as e acceptor Cystein-H,s 
Indole - Phosphatase + Catalase + Oxidase * 

N SOURCES 
NO,+ NH, + Urea = Glutamate * Asparaginate * Tryptone e 
Casitone + Gelatint+ Casein + SM + acetate* Prototrophic* 
Sci. by Y.e.. " Needs Y.E.7 

ANTIBIOTIC etc. SENSITIVITIES Rs 
Actinomycin D § NO,” Polymyxin B 
Chloramphenicol (S) Dihydrostrep. ® Penicillin G R 
SLS growth reduced <2] growth inhibited l 

PREDATION 
E.coli - Ps.aeruginosa - Arthrobacter + S.marcescens + 
B.subtilis + Chlorella + Actino 32 + Actino 4] + 


Yeast + Rhizopus + Penicillium + Sclerotinia + 
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PROFILE OF ORGANISM: 4S55 (i) (LYSOBACTER ENZYMOGEVES) 
CELLS 

Length 1-3 Shape Rods Arrangement Single 
Width 0.5 uw Motility - Flexing- Gram = 
COLONIES #1. SA. PO. 

Form Circular Circular Circular 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Effuse/Raised Convex Convex 

Opt;.. Props... Trans hucent Opaque peq 

Colour 5 Y 7/4 wSP > 7.5 ¥8/% a ie + WSp. 
GENERAL WSP often Subsurface -- Slime Layers + Spreading (S) 
LIQUID MEDIUM 

Turbidity ++ ; Flocculence - Silky + 
Viscous + Ring Pellicle Colour Offwhite 
PHYSIOLOGY | 

TEMP°C Min, 10 Opt. 25 Max. 40 

PH Min, 5 Opt. 5=10 Max, 10 

0, Growth Anaerobic - Candle Jar + Ain + Best Candle/Air 
NaCl Gceod growth up to 1% Partial inhibition 28 Total inhibition 3% 
CHO 

SUGARS OF Glucose 0 Glucose+” Sucrose * lactose + Cb. + 
ALCOHOLS Glycerol! - Mannitol - STARCH SSY¥o= NB =~ Potato - 
CELLIUOSE Fillten Papen -*- CMC +° AGAR Pits; ~ Géliase t 
POLYPECTATE = ALGINATE * CHT i + 
PROTEINS 

Tryptone + Gelatin liq. t Skim milk lysist Haemolysis tt 
Casamino A use + ammonif. + Casitone use t ammoni f+ 

Casein lysis ks ammonif, + Penassay use * ammonif. + 
BIOCHEMISTRY 

om ae —> = a ‘by ie 

NO. NO, ? NO, gas or ? NO. as e acceptor Cystein ~H,S 
Indole - Phosphatase + Catalase * Oxidaset 
N SOURCES 

NOt Wy +? Urea ~ Glutamate + Asparaginate * Tryptone t 
Casitone + - Gelatin + Casein * SM + acetatet Prototrophic * 
Shim, by WE. = Needs Y.E..~ 
ANTIBIOTIC etc. SENSITIVITIES 

Actinomycin D S$ NO, - Polymyxin BR S$ 
Chloramphenicol S Dihydrostrep, R Penicillin G R 
SLS growth reduced ¢.] growth inhibited .! 

PREDATION 

E.coli * Ps.aeruginosa ~ Arthrobacter + S.marcescens * 
B.subtilis + Chiorella + Actino 32 + Actino 4) * 


Yeast + Rhizopus * Penicillium? Sclerotinia * 
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4555 (ti) (LYSOBACTER ENZYMOGENES) 
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PROFILE OF ORGANISM: 


CELLS 

Length 2-6 u Shape Rods Arrangement Single 
Width 0.4 Motility - Flexing + Gram 
COLONIES #1. SA. PCs 

Form * Circular Circular Circular 

Surface Smooth Smooth Smooth 

Edge Undulate Entire Entire 

Elevation Effuse/Flat Convex Convex 

Opt. Props. Translucent Opaque Opaque 

Colour 5 Y 7.5/6 WSP - OW IST eos 5 Y 7/4 - 

GENERAL WSP often Subsurface -- Slime Layers + Spreading S$ 
LIQUID MEDIUM 

Turbidity ai ’ Flocewlence -  “ Sitky + 
Viscous + Ring + Colour Offwhite 
PHYS! OLOGY 

TEMP°C Min, 10 Opt. 25 Max. 35 

PH Min, 5 Opt. 510 Max, 10 

0, Growth Anaerobic - Candle Jart Air + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO 

SUGARS OF Glucose 9 Glucose + Sucrose +t Lactoset Cb,+ 
ALCOHOLS Glycerol ~ Mannitol ~ STARCH SSY™ Ne Petato “ 
CELLULOSE Filter Paper ~- CMC + AGAR Pits = Gelase +t 
POLYPECTATE ?+ ALGINATE * CHITIN * 
PROTEINS 
Tryptone + Gelatin liq.+ Skim milk lysis + Haemolysis ++ 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 
a l+ \ - ?- - o a ee 

NO 5-9 NO. NO, >gas or NO as € acceptor Cystein »HAS 
Indole = Phosphatase * Catalase t+ Oxidase + 
N SOURCES 

NOt NH), + UFea ~ Glutamate? Asparaginate + Tryptone * 
Casiiitone +* Gelatin * Casein * SM + acetate Tt Prototrophict 


Stim, By Y.E. © Ghttin Needs Y.£. ~- 
ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin D S NO, as Polymyxin B RS 
Chloramphenicol (S$) Dihydrostrep.R Penicillin G R 
SLS growth reduced 41 growth inhibited 1 

PREDATION 

E.coyi - Ps.,aeruginosa ~ Arthrobacter+ S.marcescens ? 

B.subtilis + Chlorella + Actino 32 + Aetine 4 ~ + 


Yeast + Rhizopus + Penicillium + Sclerotinia * 
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4556 (i) (LYSOBACTER ENZYMOGENES) 
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PROFILE OF ORGANISM: 


Length 1-5 4 Shape Rods Arrangement Single 
Width io as Metitity =" Flexing + Gram - 
COLONIES #l, SA. PGs 

Form * Circular «Circular Circular 

Surface Smooth Smooth Smooth 

Edge Erose Erose Entire 

Elevation Effuse/Rajsed Raised Convex 

Opt. Props. Translucent Opaque Opaque 

Colour 5 Y 7/6 WSP. SY 7/4 BY 6,576: 5 

GENERAL WSP often Subsurface + Slime Layers. = Spreading 5 
LIQUID MEDIUM 

Turbidity or Flocculence = Silky fi 
Viscous ge? Ring — + Colour C 
PHYSIOLOGY ; 

TEMP °C Min, 5 Got, 30-35 Max. 35 

PH Min, 5 Opt. 5-10 Max, 10 

0, Growth Anaerobic - Candle Jar+ Rar oF Best Candle/Air 


NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 


CHO 


SUGARS OF Glucose 0 Glucose t Sucrose + Lactose + Cb.+ 
ALCOHOLS Glycerol ~  Mannitol- STARGH SSY = NES -" PBEAtO = 
CELLULOSE Filter Paper “ CMC +” AGAR Pits'- Gelaset 
POLYPECTATE ?+ ALGINATE +* Chitin  * 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis ++ 
Casamino A use +  ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif,+ § Penassay use + ammonif. + 
BIOCHEMISTRY 

NO 5-7 NO, Pt NO, gas or ? ~ NO, as e acceptor - Cystein-»H,S 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 

NO,* NH), + Urea “ Glutamate + Asparaginate+ Tryptonet 


Casitone “+ Gelatin + Casein + SM + acetate +t Prototrophi¢t 
+ glu, 
Stim, by Y.E, - Chitin Needs Y.E. 
ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin D- § NO, = Polymyxin BRS 
Chloramphenicol R Dihydrostrep. R Penicillin G R 
SLS growth reduced mt growth inhibited .| 
PREDATION 
E.coli ? °  Ps.aeruginosa ? Arthrobacter + S.marcescens + 
B.subtilis + Chlorella. + Actino 32 + Actino 41+ 


Yeast 0 Rhizopus + Penicillium * Sclerotinia * 
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36 (ij) (LYSOBACTER ENZYMOGENES) 
PROFILE OF ORGANISM: Re yh) ROR BOC, 
CELLS | 
Length b.3~'t u Shape Rods Arrangement Single 
Width O44 u Motility - Flexing - Gram - 
COLONIES #1. SA. BE. 
Form Circular Circular Circular 
Surface Smooth Rough Rough 
Edge Erose Erose Erose 
Elevation Flat Flat Raised 
Opt. Props. Transparent Translucent Translucent 
Colour2.5 Y 7/8 WSP - 7.5 YR 6/6 - 2.5 ¥ 6/6 
GENERAL WSP some- Subsurface - - Slime Layers~ Spreading (S) 
LIQUID MEDIUM 
Turbidity +t Flocculence .~ Silky = 
Viscous + Ring + or Pellicle Colour C 
PHYSIOLOGY 
TEMP°C Min, 10 Opt. 30 Max, 39 
PH Min, 6 Opt. 610 Max, igl® 
0, Growth Anaerobic ~ Candle Jar + Air % Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition 34 
CHO 
SUGARS OF Glucose 0 Glucose + Sucrose + Lactose+ Cb, t+ 
ALCOHOLS Glycerol] = Mannitol. STARCH SSY." NG .- Potato .- 
GELLULOSE Filter Paper = CMC ot AGAR Pits’ =. Gelase + 
POLYPECTATE a+ ALGINATE 7+ CHITIN + 
PROTEINS ‘ 
Tryptone + Gelatin liq. + Skim milk lysis +  Haemolysis + 
Casamino A use + ammonif. + Casitone use + ammonif., + 
Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 
NO, NO, + NO,-gas or 7 - N03 as e” acceptor - Cystein-»H,S ?+ 
Indole -- Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO, + NH, + Urea 7 Glutamate + Asparaginatet Tryptone * 
Casitone + Gelatin «+ Casein +» SM + acetate Ft Prototrophic + 
Stim. by ¥.E.- Needs Y.E. ~ 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S$ NO, ~ Polymyxin B | S 
Chloramphenicol R Dihydrostrep. R Penicillin G R 
SLS growth reduced -! growth inhibited ?-! 
PREDATION 
P coba ot Ps,aeruginosa = Arthrobacter - S.marcescens + 
B.subtilis .- © Chlorella + Actino 32 - Actino 4) + 


Yeast + Rhizopus + enicillium 7? Sclerotinia ? 
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PROFILE OF ORGANISM: 4557 (;) (LYSOBACTER ENZYMOGENES) 
GEGLS 

Length Eb? Shape Rods Arrangement Single 
Width Oe=025 1 Motility - Flexing + Gram - 
COLONIES #1, SA. PCs 

Form “Circular « Circular Circular 

Surface Smooth Rough Smooth 

Edge Erose Undulate Entire 

Elevation Effuse/Raised Ef fuse/Convex Convex 

Opt. Props. Translucent Opaque Opaque 

Colour 5 Y 7/4 WSP - 5 Y°8/4.- 2.6 6 51S + 
GENERAL WSP often Subsurface’ ~ Slime Layers - Spreading § 


LIQUID MEDIUM 


428 


Turbidity ++ Flocculence ~ Siiky * 
Viscous + Ring 5 Colour Of fwhite 
PHYSIOLOGY | 

TEMP°C Min, 5 Opt. 30 Max, 35 

PH Mints °5 Opt. 510 Max, 10 

0, Growth Anaerobic - CandleiJar + Air + Best Candle/Air 
NaCl Good growth up to 9% Partial inhibition 1% Total inhibition 3% 
CHO 

SUGARS OF Glucose 0 Glucoset Sucrose + Lactose + Cb, + 
ALCOHOLS Glycerol - Mannitol - STARCH’ SSY= NBF =" Potato 
CELEULOSE Filter Paper’ =. CHG. - AGAR’ Pits?’ Gelase + 

POLYPECTATE ~ ALGINATE + CHITINe 
PROTEINS 

Tryptone + Gelatin liq. t+ Skim milk lysis *+  Haemolysis +t 
Casamino A use + ammonif. + Casitone use t ammonif.t 

Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 

NO > NO, * NO,-» gas or iim NO. as e” acceptor ~ Cystein+H,S 
Indole ~ Phosphatase + Catalase * Oxidase * 
N SOURCES 

NO, * NH, * Urea Glutamate + Asparaginatet Tryptone tT 
Casitone * - Gelatin + Casein * SM + acetate t Prototrophic * 


Stim. by YE. * OhYein Needs* Y.E. - 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D S NO, - 
Chloramphenicol § Dihydrostrep. R 
SLS growth reduced ¢.1 growth inhibited 
PREDATION 

E.coli - Ps.aeruginosa - Arthrobacter + 


KEGING 32. OF 


Penicillium + 


B.subtilis + Chlorella + 


Yeast + Rhizopus + 


Polymyxin BI S$ 
Penicillin GR 
_ 7 


S.marcescens + 
Actino 4] + 


Sclerotinia t 
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(LYSOBACTER ENZYMOGENES) 


PROFILE OF ORGANISM: : ‘ads aka ins 

CBLLS ; 
Length 275 u Shape Rods Arrangement Single 
Width 0.5 u Motility ~ ~ Flexing + Gram 7 
COLONIES #1, SA. Po. 

Form Punctiform Circukar Circular 

Surface Smooth Rough Smooth 

Edge Entire Undulate Entire 

Elevation Flat Raised Convex 

Opt. Props. Transparent Translucent Opaque 

Colour 10 YR 6/8 WSP - 10 YR 6/6 - 2.5 Y 6/6 - 

GENERAL WSP often Subsurface -- Slime Layers - Spreading S 
LIQUID MEDIUM 

Turbidity ++ Flocculence + Sitky, 
Viscous + Atng Ff Colour © 
PHYSIOLOGY 

TEMP°C Min, 10 Opt. 30 Max, 39 

PH Min, 6 Got mate Max, 10 

0, Growth Anaerobic 7- Candle Jar + Ke Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition !% Total inhibition 3% 
CHO 

SUGARS OF Glucose 0 Glucose+ Sucroset bactoseé’* Cb,‘ 
ALCOHOLS Glycerol ~ Mannltel > STARCH SSY -" NB “ Potato ~~ 
CELLULOSE Filter Paper - Chg AGAR Pits = Gelase + 

POLYEECTATE: - ALGINATE + CHITING 
PROTEINS 

Eryptone «* Gelatin tiq. + Skim milk lysis + Haemolysis ~~ 


Casamino A use Ff ammonif. + 


Casitone use + ammonif. * 


Casein lysis + ammonif, + Penassay use + ammonif. * 
BIOCHEMISTRY 
: + Sa ee - tie 
N05 NO. NO,-* gas on. % 10, as e acceptor Cystein »HoS 
Indole ~- Phosphatase + Catalase +t Oxidase + 
N SOURCES 
NO,* NH) + Urea 7 Glutamate t+ Asparaginate + Tryptone t 
Gasiitone * Gelatin + Caseim * SM’ + acetate,” * Protetrophic: t 
Seim,. by, Y.e. r Needs Y.E,. ~ 
ANTIBIOTIC etc, SENSITIVITIES 
Actinomycin D S NO. - Polymyxin B | $ 
Chloramphenicol R Dihydrostrep. R Penicillin G R 


SLS growth reduced .] 


PREDATION 
EB. coli 


+ Ps,acruginosa 


BR subtideis. = Chiorella + 


Rhizopus ~ 


Yeast a 


growth inhibited »,.]1 


Arthrobacter - S.marcescens + 
Actino 32 


Penicillium “f 


ae 


Actino 41 


Sclerotinia 
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PROFILE OF ORGANISM: 4558 (ij ) (LYSOBACTER ENZYMOGENES) 
CELLS 

Length 2-6 4 Shape Rods Arrangement Single 
Width 0,4 u Motility - Flexing + Gram - 
COLONIES fl. SA PC. 

Form « Circular « Circular Circular 

Surface Smooth Smooth Smooth 

Edge Undulate Undulate Entire 

Elevation Effuse/Flat Raised Convex 

Opt. Props. Translucent Opaque Opaque 

Colour 4 Y 6.5/4 WSP = Sey. SVG = Be Ye 5 Se 


GENERAL WSP often Subsurface -- 


Slime Layers + 


Spreading $ 


LIQUID MEDIUM 

Turbidity Sk Flocculence ~ - Silky + 
Viscous i Ring Pellicle Colour Offwhite 
PHYSIOLOGY ; 

TEMP°C Min, 5 Opt. 30 Max, 40 

PH Min, 6 Ope. 6-10 Max, 10 

0, Growth Anaerobic - Candle Jar + Air * Best Candle/air 
NaCl Good growth up to 0% Partial inhibition !%Total inhibition 3% 
CHO 

SUGARS OF Glucose 0O Glucose + Sucrose + Lactose+t Cb,+ 
AUCONOLS Glycerol - Mannitor ~- STARCH SS = NB - Peétate es 
GEELUEOSE Filter Paper -~ CMG AGAR Pits 7 Gelase + 
POLYPECTATE Me ALGINATE + CHITIN + 

PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis * Haemolysis ++ 


Casamino A use +t ammonif. + Casitone use + 


Casein lysis + ammonif, + Penassay use * 


BIOCHEMISTRY 


ammonif. * 


ammonif. + 


NO NO,* NO, gas or fF = NO, as e” acceptor ~ Cystein--H,S be 
Indole ~ Phosphatase +t Catalase + Oxidase t+ 
N SOURCES 

NO,* NH, *+ Urea ~ Glutamatet Asparaginate*  Tryptone * 
Casitone + Gelatin *+ Casein + SM + acetate t Prototrophic * 


Stites bY Yob. ~ Neéds YeEs ~ 
ANTIBIOTIC etc, SENSITIVITIES 
Actinomycin D  § ; NO. = 


Chloramphenicol R Dihydrostrep, R 


SLS growth reduced <.] growth inhibited 
PREDATION 

E<éo}r Ps.,aeruginosa ~~ Arthrobacter 
B.subtilis * Chlorella t+ Actino 32 * 
Yeast + Rhizopus + Penicillium 4 


Polymyxin B R | 
Penicillin G@ R 


zt 


S.marcescens + 
Actino 41) + 


Sclerotinia? 
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PROFILE OF ORGANISM: 


. GORONTES 

Form 

Surface 

Edge 
Elevation 
Opt. Props. 
Colour 10 YR 
GENERAL WSP 


LIQUID MEDIUM 
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4558  (ii} (LYSOBACTER ENZYMOGENES) 
as Shape Rods Arrangement Single 
Hy Motility - Filleciing; = Grams. 
wi. SA. BC. 
Circular Circular Circular 
Smooth Rough Smooth 
Erose Undulate Erose 
Effuse/Flat Raised Raised 
Transiucent Translucent Opaque 
6/6 WSPi 10 YR 7/6 - 2.5 Y 6/6 - 


5 


often Subsurface - Slime Layers Spreading 


Turbidity +t Flocculence - Silky - 
Viscous a Ronni ot Colour € 
PHYSIOLOGY 

TEMP°C Hin, 10 Bom, 35 Max. 40 

PH Mite, 7 Opt. ye Hax, 10 

0, Growth Anaerobic - Candle Jar + hie + Best Air 
NaC] Good growth up to 0% Partial inhibition 1% Total inhibition3% 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose + lactose +» Cb,+ 
ALCOHOLS Glycerol ~ Mannitol 7 STARCHe SST NB} “=~ Rotetio = 
CELLULOSE Riltter- Paper: - CMC + AGAR Pits = Gelaset 
POLYPECTATE = ALGINATE + CHITIN: + 
PROTEINS 


Tryptone + 
Casamino A us 
Casein lysis 


BIOCHEMISTRY 


oe 
NOL NO, 


Indole - 


N SOURCES 


NO,* NH) * 


Casitone 
Strims, by, Yn.2. 


ANTIBIOTIC etc 
Actinomycin D 


+ 


Chloramphenic 


SLS growth reduced 


PREDAT ION 
E.coli 


Bosubtilis 


Yeast + 


Gelatin, lig. t Skim milk lysis + Haemolysis * 


e + ammonif. + Casitone uset ammonif. + 
= ammoni f, + Penassay uset ammonif. + 
NO, gas roi aa ems NO, as e@° acceptor ~ Cystein-»H,S 
Phosphatase + Catalase + Oxidaset 
Urea ~ Glutamate t+ Asparaginate + Tryptonet 
Gelatint Caseint SM + acetate + Prototrophict 
= Needs Y.E. ~ 

. SENSITIVITIES 

NO, ¥ Polymyxin B |! § 
ol R Dihydrostrep. R Penicillin ag R 


Ol growth inhibited «| 


S.marcescens + 
? 


Sclerotinia 


Arthrobacter ~ 
Actino 32 ? 


Penicillium ? 


Ps,aeruginosa 


Chlorella t 
? 


Actino 4) 


Rhizopus 
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4559 (7) (LYSOBACTER 


PROFILE OF ORGANISM: 


43Z 


ENZYMOGENES) 


—— 


CELLS 

Length 1-6 4 Shape Rods Arrangement Single 
Width 0.4 w Motility - Flexing + Gram ~- 
COLONIES #l, SA. PC. 

Form Circular = Circular Circular 

Surface Smooth Rough Smooth 

Edge Erose Undulate Entire 

Elevation Ef fuse/Flat Raised Convex 

Opt. Props. Translucent Opaque Opaque 

Colour 5 Y 7/5 WEP = Bary 5/8 > BY WLS > 

GENERAL WSP some= Subsurface - 7 Slime Layers t Spreading s 
LIQUID MEDIUM 

Turbidity ti Flocculence Silky a5 
Viscous Z Ring Pellicle Colour Offwhite 
PHYSIOLOGY 

TEMP°C Min, 10 Oot, wis Max, 440 

PH Min, 6 Opt. 6-10 Max, 10 

0. Growth Anaerobic - Candle Jar + Cas Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition % 
CHO 

SUGARS OF Glucose 9 Glucose + ‘Sucrose * Lactose + Cbh.*+ 
ALEBHOLS Glycerol -— Mannite} + STARCH SS¥*- NB - Potato ~ 
CELLULOSE Filter Paper~ CME + AGAR Pats’  Gelase + 

POLYPECTATE ALGINATE + CHITIN. + 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis ++ 


Casamino A use + ammonif. + Casitone use + 


Casein lysis + ammonif, + Penassay use + 
BIOCHEMISTR 

: G1 y _—» a - 

NO o> NO, NO, gas or ? NO, as e” acceptor 
Indole ~ Phosphatase * Catalaset 
N SOURCES 

Nox NH), Urea Glutamate t+ Asparaginatet 
Casitone Gelatin * Casein+* SM + acetate * 


BE id 
Stim, by Y.E, + chitin)Needs Y.E. 7 


ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D- § NO, - Po 


Pe 
Et 


Chloramphenicol R Dihydrostrep, R 


SLS growth reduced <1 growth inhibited 


PREDATION 
E.coli + Ps,aeruginosa ~ Arthrobacter + S$, 
B,subtilis + Citforella A Actinga 32 * Ac 
Yeast + Rhizopus + Penicillium + Sc 


ammonif. + 


ammonif. + 


Cystein-H,S + 


2 
Oxidase + 


Tryptone + 


Prototrophic * 


lymyxin B RS 
nicillinG R 


marcescens ? 
tino 4] + 


lerotinia ? 
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Tryptone + Gelatin: liq. + 


Skim milk lysis + 


Casamino A use + ammonif. + Casitone use + 
Casein lysis + ammonif, + Penassay use + 
BIOCHEMISTRY 
+ ' an. oD ax ne — - 

NO. NO, NO. gas or ? NO as e acceptor 
Indole - Phosphatase + Catalase +t 
N SOURCES . 

NO,+ NH), + Urea - Glutamate + Asparaginate + 
Casitone + Gelatin+ Casein*+ SM + acetate * 


2a bs 
Stim. By + 2A tein} Needs? Yea ~ 


ANTIBIOTIC etc, SENSITIVITIES 
Actinomycin D 


Chloramphenicol 8 


SLS growth reduced ‘+! 


PREDATION 

E... coll Ps.aeruginosa ~ 
B.subtilis 7 Chlorella ? 
Yeast i Rhizopus * 


NO, 


Dihydrostrep. R 


growth inhibited -! 


Arthrobacter * 


Actino 32 


Penicillium 


? 
+ 


Penicillin & 


Sy 
Actino 4] 


433 


- a5 7 /) rr 1 2) YN? 7H ¥7; N M 

PRIOR ILE GR CREANESH: 4559 (ii) (LYSOBACTER ENZYMOGENES) 
* CELLS 

Length oe a Shape Rods Arrangement Single 

Width O.4 yu Motility - Flexing + Gram - 
COLONIES #1. SA. Om 

Form Circular ~ Gireuler = Circular 

Surface Smooth Rough Smooth 

Edge Erose Undulate Undulate 

Elevation Effuse/Raised Raised Convex 

Opt. Props. Translucent Translucent Translucent 

Colour 10 YR 7/6 WSP - 10 YR 6.5/5 - 3 Y 6/6 - 

GENERAL WSP some= Subsurface :- Slime Layers - Spreading S 
LIQUID MEDIUM 

Turbidity Ti Flocculence - Sitliee * 

Viscous + Ritig) + Colour Offwhite 
PHYSIOLOGY 

TEMP°C Min, 10 Chim, 25765 Max, 40 

PH Min, 6 Gt, aid Max, 10 

0, Growth Anaerobic - Candle Jar + Air + Best Air 

NaCl Good growth up to 0% Partial inhibition !% Total inhibition 3% 
CHO 

SUGARS OF Glucose 9 Gluceset* Sucrose * lactase * cbh,.* 

ALCOHOLS Glycerol - Mannitol - STARCH SSY ~ NB" =—s- Potato? ~ 

CELEVEOSE. Filter Paper’ ~ CHE.+ AGAR Pits - Gelase + 

POLYPEGTAVE “74+ ALGINATE + CHEN + 

PROTEINS 


Haemolysis * 
ammonif. * 


ammonif. * 


S + 


Cystein+H, 


Oxidase * 


Tryptone * 


Prototrophict 


Polymyxin B RS 


R 


marcescens 
ar 


Sclerotinia 
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CERES 

Length IF w Shape’ Rods Arrangement Single 
Width 0.4 u Motility = Flexing + Gram 
COLONIES #1. SA. PC, 

yege | Circular + Circular « Circular 
Surface Smooth Rough Smooth 

Edge Undulate Undulate Erose 

Elevation Effuse/Raised Raised ae 

Opt. Props. Translucent Opaque 

Colour 6 Y 7.5/4 WSP - 10 YR 7/6 ~ PBN 4 45y9 

GENERAL WSP often Subsurface ‘+ Slime tayers.~ ea’ 
LIQUID MEDIUM 

Turbidity hii Flocculence - Silky + 
Viscous + Ring + Colour Offwhite 
PHYS 1OLOGY ee 

TEMP°C Min, 10 Opt. 30-35 Max, 40 

PH Min, 6 Opt. 6-10 Max, 10 

0, Growth Anaerobic - Candle Jar + Air + Best Candle/Air 
NaCl Good grewth up to 1% Partial inhibition 2% Total inhibition » 3% 
CHO 

SUGARS OF Glucose 0 Ghicese * Sucrose + Eactoge * Gb,* 
ALCOHOLS Glycerol ~ Mannitol ~ SEARCH SSY¥7 NBO Potato ~ 
ChILUULOSE Eriter Paper.- €HC. + AGAR Pits - Gelaset 
POLYPECTATE - ALGINATE + CHITIN+ 

PROTEINS 

Tryptone + Gelatin: Wiigh.* + Skim milk lysist Haemolysis ++ 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis a ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 

ts: 10. — cS = r = i 

NO 5-7 NO, NO. gas or ? NO. as e acceptor Cystein-+H,s 
Indole ~ Phosphatase + Catalase + Oxidase + 
N SOURCES 

NO.t NH), + Urea ~ Glutamate + Asparaginate + Tryptonet 
Casitone +* Gelatin +* Casein +” SMW + acetate T Prototrophic * 
Stim, by ¥,E.+(?+chitin) Needs Y.E. ~ 
ANTIBIOTIC etc, SENSITIVITIES 

Actinomycin D S NO, 7 Polymyxin B ! S 
Chloramphenicol S Dihydrostrep, R Penicillin G R 
SLS growth reduced ¢.] growth inhibited «| 
PREDATION 

E.colp - Ps,aeruginosa - Arthrobacter + S.marcescens + 
B.subtilis + Chlorella + Actino 32. + Actino 41 + 


Yeast + Rhizopus + Penicillium + Sclerotinia + 
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PROFILE OF ORGANISM... __4560_ (ii) (LYSOBACTER ENZYMOGENRS 
VELES. 

Length 1-7 u Shape Rods Arrangement Single 
Width O.4 u Motility - Flexing - Gram = 
COLONIES #1. SA. PGs 

Form Circular Circular 4. Circular 
Surface Smooth Smooth Smooth 

Edge Entire Entire Erose 

Elevation Raised Convex Umbonate 

Opt. Props. Translucent Opaque Opa 

Colour 5 Y 7.5/6 WSP=- 2.5 Y 7.5/6 - 4 i 676 po,wsp. 


GENERAL WSP often Subsurface’ + Slime Layers Spreading 
LIQUID MEDIUM 

Turbidity ++ Fioceulence ..> Silky + 

Viscous + Ring + or Pellicle Colour Offwhite 
PHYSIOLOGY 

TEMP°C Nin, 10 Opt. 20 Max, 40 

PH Min, 7 Gers «= /=10 Max, 10 

05 Growth Anaerobic ~ Candle Jar +t Air Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1*%Total inhibition? 3 
CHO 

SUGARS OF Glucose 0 Glucose +t Sucroset tactese — Chat 
ALCOHOLS Glycerol - Mannitel - Siriscihcsk 6 ONE om Potato: |< 
CEECULOUSE Filter Paper - . CMO + AGAR Pits - Gelase + 

PGLYPECTATE ‘?- ALGINATE + CHITIN + 
PROTEINS 

Tryptone + Gelatin liq.t+ Skim milk lysis + Haemolysis tt 


Casamino A use + ammonif. + Casitone use * 


Casein lysis + ammonif, + Penassay use uy 
BIOCHEMISTRY 
Tr ae es e = 

NO NO. NO,-* gas or NO, Ss € acceptor 
Indole - Phosphatase * Catalase * 
N SOURCES 

NO,* NH, > Urea = Glutamate + Asparaginate 
Casitone + Gelatin + Casein + SM + acetate? 


2 
Stim, by Y.E, + chitin)Needs Y.E. ~~ 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin DS . NO, 
Chloramphenicol S$ Dihydrostrep. R 


SLS growth reduced <.1 growth inhibited «| 


PREDATION 


Escorr - Arthrobacter + 


Actino 32 + 


Penicillium + 


Ps,aeruginosa - 
B.subtilis + Chlorella + 


Yeast + Rhizopus + 


ammonif. *F 
ammonif. * 


Cystein+H,s 


Oxidase +t 


+ Tryptone* 


Prototrophic + 


= Polymyxin B I S 
Penicillin G R 


S.marcescens + 
Actino 41 + 


Sclerotinia - 


or 
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PROFILE OF ORGANISM: 4560 (jit) (LYSOBACTER ENZYMOGENES) 
“GEELS 

Length tee" Shape Rods Arrangement Single 

Width O.4 4 Motnhhiy - Flexing, - Gram = 
COLONIES #1. SA. PG, 

Form eC (reco lar Gincuhar Circular 

Surface Smooth Rough Smooth 

Edge Erose Erose Entire 

Elevation Flat Flat Raised 

Opt. Props. Translucent Transparent Translucent 

ColourlO YR 6/6 WSP- 10 YR 6/7 - 2.5 Y 6/6 - 


GENERAL WSP ONCE», -,Subsur face » 


LIQUID MEDIUM 


5 slime Layers ~ Spreading °% 


Fappidiity: ~ eb Flocculence * Silky = 
Viscous + Ring Pellicle Colour LC 
PHYS LOLOGY 

TEMP °C Min. § 19 Opie, (25435 Max, 40 

PH Majo. 7 Opt. 7410 Max, 10 

0. Growth Anaerobic - Candle Jar + Aimee Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition »3% 
CHO 

SUGARS OF Glucose 9 Glucose + Sucrose + Lactoset Cb, t 
ALCOHOLS Glycerol- Mannitol - STARGIVSSY -. NB = Potato = 
GELLULOSE -Féliten Paper - CMG + « AGAR Bits - Gelase + 

POLYPECTATE ?= ALGINATE - CHATIN. + 

PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis * haemolysis +t 
Casamino A use + ammonif. t+ Casitone use +t ammonif. + 

Casein lysist ammonif, + Penassay use * ammonif. * 


BIOCHEMISTRY 


Cystein>H,$ 


2+ - ae = 
NO.» NO. NO, gas Ole f NO, as e” acceptor 9 
Indole - Phosphatase * Catalase t Oxidase t+ 
N SOURCES ; ; 
NOs NH, + Urea Glutamate + Asparaginate + Tryptone * 
Casitone + Gelatin + Caseint SM + acetate * Prototrophic + 


Shim, “by Ye. + ts in Needs YE. «~ 


ANTIBIOTIC etc, SENSITIVITIES 
Actinomycin D S$ 


Chloramphenicol R 


SLS growth reduced «| 


PREDATION 
e cane «< Ps,aeruginosa 
B.subtilis - Chlorelia ? 


Yeast ix Rhizopus ~ 


Polymyxin B 1s 


Peniciliina 8 
yl 


NO, aa 
Dihydrostrep.® 


growth inhibited 


S.marcescens an 


Actino 41 ? 


Arthrobacter 


Acting 32 a . 
Penicillium ? -Sclerotinia ~ 
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hs i LYSOBACTER ENZYMOGENES) ° 

PROFILE OF ceenepe nee! (1) (LYSOBACTER ENZYMOGENES) 
CELLS 

Length 1-4 Shape Rods Arrangement Single 
Width OTe Motility - Flexing +, Gram = 
COLONIES Ae SA. PC. 

Form Circular Circular Circular 

Surface Smooth Rough Smooth 

Edge Erose Erose Erose 

Elevation Raised Convex Convex 

Opt. Props. Translucent Opaque Opaque 

Colour 5 Y¥,7.5/5 WSP = 5 Y 8.5/4 - 2.5) G70 Le 

GENERAL WSP some= suUBSULTrecer = Slime Layers + Spreading §S 
LiQUID MEDIUM 

Turbidity a Flocculence - SKY. + 

Viscous = Ring) °F Colour G 
PHYS ILOLOGY 

TEMP °C Min, 10 Opte- . 25 Max, 40 

PH Min. 6 Opt. 6-10 Max, 10 

0, Growth Anaerobic ~ Candle Jar + Ari et Best Candle/Air 

NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 32% 
CHO 

SUGARS OF Glucose 0 Glucose +t Sucrose + bactose+  Cb.cr 

PELondeo (Giyecrot~  Mannitols’> | STARE eSsY - NB — Potato - 

CEEUNEOoE seaiterraper 7~= CMC Tt AGAN Pits’ —~ Gelase * 

POLYPECIATE: — ALGINATE + Cayvhine + 

PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis ++ 


Casamino A use + ammonif. + Casitone use + ammonif. + 


Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 
10.<» NO, + ~ - acc - in-» 
NO 4-3 NO, NO. gas Or ¢ NO, as e acceptor Cystein HS 
Indole - Phosphatase t Catalase + Oxidase + 
N SOURCES | 
NO. NH), re Unear Glutamate + Asparaginate + Tryptone + 
Casttone + Gelatin + Casein + ‘SM + acetate + Prototrophnic + 


Stim, by vie, 29 Chitin Needs Y.E. ~ 
ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin D Ss NO, C= Polymyxin BR | 
Chloramphenicol R Dihydrostrep. I Renter) in Gok 
SLS growth reduced ¢.] growth inhibited .| 
PREDATION 

APS = 9.) fy ae Ps,aeruginosa. ? Arthrobacter + S.marcescens+ 


Actino 41 + 


B. subtilis + Chlorella ? 


Yeast + Rhizopus + 


Actino 32 + 


Penicillium + Sclerotinia + 
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4561 (i) (LYSOBACTER ENZYNOGENES) 


oe 


PROFILE OF ORGANISM: 


CELLS 

Length 1-4 Shape Rods Arrangement Single 
Width O.4 u Motility - Flexing + Gram - 
COLONIES #1. SA. BC’. 

Form Irregular « Circular « Circular 

Surface Smooth Rough Smooth 

Edge Undulate Undulate Erose 

Elevation Ef fuse/Raised Ef fuse/Convex Convex 

Opt. Props. Translucent Opaque Opaque 

Colour 5 y 7.5/6 WSP - Cael lay ee Wek Wa Sy 6/6 - 

GENERAL WSP seme-_ Subsurface - Slime Layers - Spreading S 
LIQUID MEDIUM 

Turbidity vs Flocculence - Silky Bs 
Viscous + Raa Colour © 
PHYS!OLOGY 

Tere Min... 0 Opts.) 35 Hax.. 25 

PH Min, 7 Opt. 7-10) Max. 10 

05 Growth Anaerobic - Candle Jar + Airt+ Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO 

SUGARS OF Glucose 0 Glucose * Sucrose + Lactose+ Cb.. + 
ALCOHOLS Glycerol - Mannitol. - Saencw oon) > NE | = Borate”. 
CEELELGSE: “Lilter Eaper = CMC + VAGAR Rits:-  Gelase* 

POLYPECTALE ~ ALGINATE + CHITIN + 

PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysist. Haemolysis ++ 
Casamino A use + — ammonif. +Casitone use t+ ammonif. + 
Casein lysis * ammonif, + Penassay uset+ ammonif. + 
BIOCHEMISTRY 

N = + ‘ => = ee, - ote 

NO 5 NO, NO. gas or ? NO, as'e acceptor Cystein-H$ 
Indole - Phosphatase + Catalase + Oxidaset 
N SOURCES 

NO. Ny, 7h) ae. Glutamate + Asparaginate + Tryptone + 
€asitone + Gelatin + Casein* SMotvacetate. + Prototrophict 


= ] P 
Stim, by Y.E. ?+ ehitin Needs Y.E. ~ 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D Ss NO, - Polymyxin B RS 
Chloramphenicol R Dihydrostrep. | -Berichilin Gs & 
SLs erowt i reduced a | growth inhibited >,] 

PREDATION . 

SecoLL: + Ps,aeruginosa ? Arthrobacter + S.marcescens ? 
B.subtilis + Chlorella - Actino 32 + Actino 41 + 


Yeast . + Rhizopus + Penicillium + Sclerotinia + 
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Chloramphenicol 


SLS growth reduced 


PREDATION 

E. cobi Ps,aeruginosa 
B,subtilis Chlorella 
Yeast id Rhizopus 


growth inhibited 


Arthrobacter 
Actino 32 


Penicillium 


43g 


PROFILE OF ORGANISM: 4561 (lit) (LYSOBACTER ENZYMOGENES) 
“CELLS 
Length 1-8 1 Shape Rods Arrangement 
Width 0.3 u jotility  - Flexing + Gram 
COLONIES #1, SA. Pe. 
Form = Circular Circular Circular 
Surface Smooth Smooth Smooth 
Edge Entire Erose Entire 
Elevation Flat Effuse/Raised Convex 
Opt. Props. Transparent Translucent Translucent 
Colour2.5 Y 6/8 WSP - LOWY RY 7/6 - 2.5 Y 6/8 - 
GENERAL WSP - Subsurface » Slime Layers Spreading 
LIQUID MEDIUM 
Turbidity Flocculence Silky 
Viscous Ring oS Colour 
PHYSIOLOGY 
TEMP°C Min, Opt. Max, 40 
PH Min, Opt. Max. 
0, Growth Anaerobic Candle Jar » Air Best 
NaCl Good growth up to Partial inhibition Total inhibition 
CHO 
SUGARS OF Glucose Glucose Sucrose Lactose CB. 
ALCOHOLS Glycerol Mannitol STARCH SSY NB Potato 
CELLULOSE Filter Paper CMC AGAR Pits Gelase 
POLYPECTATE ALGINATE CHITIN 
PROTEINS 
Tryptone Gelatin liq. Skim milk lysis Haemolysis 
Casamino A use ammoni f. Casitone use + ammonif. + 
Casein lysis ammoni f, Penassay use + ammonif. + 
BIOCHEMISTRY 
' . = % in->+H 
NOj-> NO, NO,-> Sas or 7 NO, as e acceptor Cystein-» 9S 
Indole Phosphatase Catalase Oxidase 
N SOURCES 
NO. NH), Urea Glutamate Asparaginate Tryptone 
Casitone + ‘Gelatin Casein SM + acetate Prototrophic 
Stim. by ¥.E. Needs Y.E. 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D § NO, ~ Polymyxin BR S$ 
S Dihydrostrep, R Penicillin G R 


S.marcescens 
Actino 4] 


Sclerotinia 
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PROFILE OF ORGANISM: 


LhLO 
4562 (7) (LYSOBACTER ENZYMOGENES) 


es 


CELLS 

Length oo wi Shape Rods Arrangement Single 
Width 0.4 4 Motility - Flexing + Gram. 
COLONIES #1, SA. Pe. 

Form a Circular 2 Circular = Circular 

Surface Smooth Rough Smooth 

Edge Undulate Undulate Erose 

Elevation Effuse/Flat Raised Raised 

Opt. Props. Translucent Cpaque Translucent 

Colour 5 Y 7.5/4 WSP - 5 Y 7/4 - 5 Y 6/6 = 

GENERAL WSP somes - Subsurface’ = Slime Layers+ Spreading § 
LIQUID MEDIUM 

Turbidity ++ Flocculence ~ Silky + 
Viscous + Ring + Colour G 
PHYSIOLOGY 

TEMP°C Min. WhO Opt, 202330 Max. 40 

PH Min, 7 Opt. 7540 Max, 10 

0, Growth Anaerobic - Candle Jar + Ar “+ Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO 

SUGARS OF Glucose 0 Glucose Sucrose++ Lactose + Cb.+ 
ALCOHOLS Glycerol - Mannitol - STARCH SSY ~ NB -= Potato 
CELLULOSE Filter Paper -~° -CMC +* AGAR Pits’ =~ Gelase’ + 
POLYPECTATE ?- ALGINATE + CHITIN +? 

PROTEINS 

Tryptone * Gelatin fiq.7?+ Skim milk lysis + Haemolysis ++ 
Casamino A use + ammonif. + Casitone use + ammonif, + 
Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 

+ ti t + in- 

NO o- NO, NO, gas or 7 NO, as e acceptor Cystein »HAS 

Indole = Phosphatase + Catalase +t Oxidase + 

N SOURCES 

NO,* NH), = Urea “ Glutamate +t Asparaginatet Tryptone *t 
Casitone + Gelatin* Casein + SM + acetate +t Prototrophict 

Needs Y.E.~ 


Stim, by Y.E. 7 


ANTIBIOTIC etc. 
Actinomycin D- § 
Chloramphenicol | 


SLS growth reduced <.] 


SENSITIVITIES 


Polymyxin BR | 
Penicillin G@ R 
Pil 


NO, 


Dihydrostrep. R 


grewth inhibited 


PREDATION 

Evcohi + Ps.,aeruginosa ? Arthrobacter - S.marcescens + 
B.subtilis + Chlorella - Activa 32 * + Actino 4] + 
Yeast + Rhizopus Penicillium + Sclerotiniat 
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PROFILE OF ORGANISH: 4562 (ii) (LYSOBACTER ENZYMOGENES) 
GEELS 
kength ‘ypu Shape Rods Arrangement Single 
Width O.4 u noOert rey Flexing *+ Gram - 
COLONIES #l. SA, PC. 
Form a Circular Circular Circular 
Surface Rough/Smooth Smooth Rough 
Edge Lobate Erose Erose 
Elevation Effuse/Raised Effuse/Raised Raised 
Opt. Props. Transparent Translucent Transiucent 
Colour 10 YR 6.5/6 WSP- 8,5 YR 6/6 - Po tai Sea 


NB 


spreading S 


Silky + 
Colour C 


Max, 40 
Max, 10 
Best. Air 


Lactose + Cb, + 


= Potato. = 


Gelase + 
Chih + 


Haemolysis + 


ammonif. + 


ammonif. + 


Cystein-+H,s 


Oxidase + 


+ Tryptone t 


GENERAL WSP often Subsurface’ ~ Slime Layers+ 
LIQUID KEDIUM 

Turbidity ++ Floceculence = 
Viscous + Ring Pellicle 
PHYSIOLOGY 

TEMP°C Mins 10 Opt. 25 

PH mins | 6 Opt. 6-10 

0, Growth Anaerobic - Candle Jar + st ea 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO | 

SUGARS OF Glucose 9 Glucose+ Sucroset 
AECCGHORS Glyeero! - Mannrtol - - STARCH SSY - 
GEELULOSE Filter Paper ~“- CMC + AGAR Pits’ - 
POLYPECTATE ?= ALGINATE + 
PROTEINS 
TFryptone +° Gelatin liq Skim mitk tysis +t: 
Casamino A use + ammonif. + Casitone use +t 
Casein lysis - + ammonif; tPenassay use +t 
BIOCHEMISTRY 
r ee = - + 

NO o> NO, + NO, >gas or ? NO, as e acceptor 
Indole - Phosphatase + Catalase + 
N SOURCES 

NOt NH), me, Urea - Glutamete + Asparacginate 
Gasitone + Gelatin+ Casein + SM + acetatet 


Stine by Ys. Pht tin Needs Y.E. 


ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S$ NO, 


Chloramphenicol 


SLS growth reduced é.] 


PREDATION 

Exéolf “= Ps,aeruginosa ? 
B.subtilis ? Chlorella - 
Yeast + Rhizopus 2 


growth inhibited 


- 


s _ Dihydrostrep. R 


Arthrobacter 7 
Actino 32 * 


Penicillium + 


Polymyxin B 


Penicillin G 
a 


Prototrophic * 


RS 
R 


S marcescens ? 
Actino 4) + 


Sclerotinia t+ 
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PROFILE OF ORGANISM: 


4563 (i) (LYSOBACTER ENZYMOGENES) 


hk2 


ae 


‘CELLS \ 
Length I-5 Shape Rods Arrangement Single 
Width OY 2 Motility - Flexing + Gram - 

COLONIES #1, SA. PEA 
Form * Circular + Circular Circular 
Surface Smooth Rough Rough 
Edge Erose Erose Entire 
Elevation Convex Convex Convex 
Opt. Props. Translucent Opaque Opaque 
Colour 5 Y 7/4 WSP - 5.4 7.50473 5 Y 6/6 - 

GENERAL WSP often Subsurface’ - Slime Layers - Spreading S$ 

LIQUID MEDIUM 
Turbidity Bag Flocculence = Silky b 
Viscous i 3 Ring Pellicle Colour C 

PHYSIOLOGY | 
TEMP°C Min, 10 Opt. 30 Max. ho 
PH Mim. © Opt. 6-10 Max, 10 
0, Growth Anaerobic - Candle Jar + Air + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1I%Total inhibition 3% 

CHO 
SUGARS OF Glucose 9 Glucose: + *Sucrose:+ . Uactose ty Cbh,.»t 
ALCOHOLS Glycerol! 7 Marital’ “- SIPARCHISSY?" - NBF “= Potato 
CELLULOSE Filter Paper - CMC + AGAR Pits:~ Gelase * 

POLYPECTATE 7?- ALGINATE * GHitthi + 

PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis * Haemolysis ++ 
Casamino A use + ammonif. + Casitone use + ammonif. * 

Casein lysis + ammonif, + Penassay use t ammonif. * 
BIOCHEMISTRY | 

NO, NO, ?+ NO, gas or ? NO, as e” acceptor + Cystein--H,$ 
Indole - Phosphatase * Catalase +t Oxidase + 

N SOURCES 
Not NH), + Urea Glutamate * Asparaginate *  Tryptone t 
Casitone +Gelatin + Casein + SM + acetate t Prototrophic + 


Stim, by Y.E. 74+9tHitin Needs Y.E. - 


ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S 


(s) 


Chloramphenicol] 


SLS growth reduced Pee 


PREDATION 
bs Colt = 


B.subtilis + 


Ps.aeruginosa 
Chlorella * 


Yeast “a Rhizopus * 


Polymyxin BR | 
Penicillin G R 


NO, + 
Dihydrostrep, R 


growth inhibited ol 


S .marcescenst 


Actino 41 * 
+ 


Arthrobacter +t 
Actino 32 + 


Penicillium *t Sclerotinia 


patho ecouliUae 2 ull 
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PROFILE OF ORGANISM: "563 (ii) (LYSOBACTER ENZYMOGENES) 


RE neem RS eR nr nn Oe 


CELLS ¥ 
Length ie. Shape Rods Arrangement ‘Single 
Width 0.5 u Motility 7 Flexing * Gram 

COLONIES #1, As PCs 
Form x Circular «+ Circular = Circular 
Surface Rough/Smooth Rough Smooth 
Edge Lobate Undulate Undulate 
Elevation Ef fuse/Raised Convex Convex 
Opt. Props. Transparent — Opaque Opaque 
Colour 2,5 Y 6/6 WSP™. 2,5 ¥<6.5/6 - 2.5. Wes/o = 
GENERAL WSP often Subsurface’ - Slime Layers ~ Spreading § 
LIQUID MEDIUM 
Turbidity ++ . Filecculence - Silky + 
Viscous + Ring Pellicle Colour C 
PHYSIOLOGY . 
TEMP°C Min, 10 Opt. 30 Max. 35 
PH Min, 6 Opt. 6-10 Max. 10 
0, Growth Anaerobic - Candle Jar + Air + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO ) 
SUGARS OF Glucose 0 Glucose + Sucroset Lactose + Cb,t 
ALCOHOLS Glycerol] - Manhito! = STARCH SSY “- NB - Poteta-> 
CELLULOSE, Filter Paper ~ CMC + AGAR Pits - Gelase + 
POLTFEGIAIE. = ALGINATE = CHITIN + 
PROTEINS ‘ 
Tryptone * Gelatin I1lq.* Skim milk lysist* Haemolysis ++ 
Casamino A uset ammonif. + Casitone use + ammonif. * 
Casein lysis fF ammonif, *+ Penassay use Tt ammonif. * 
BIOCHEMISTRY | 
NOs» NO, 2+ NO,-» gas or r= NO. as e” acceptor +t Cystein+H,$ 
Indole - Phosphatase + Catalase + Oxidase t 
N SOURCES 
NO,* NH), es Urea, = Glutamate + Asparaginate* Tryptonet 
Casitone + Gelatint Casein + SM+ acetate * Prototrophict 


tatu. « 
Suing by et thitin Needs Y.E. 7 
ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin D S NO, - Polymyxin B | S 
Chloramphenicol R Dihydrostrep. R Penicillin G@ R 
SLS growth reduced = growth inhibited >,.1 
PREDATION 

ey Ps,aeruginosa ? Arthrobacter + S.marcescens + 
B.subtilis + Chicrella ? Actino 32 + Actino 4} + 


Yeast + Rhizopus ? Penicillium + Sclerotinia ? 
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PROFILE OF ORGANISM: 4564 (1) (LYSOBACTER ENZYMOGENES) 


GELAS 

Length 1-6 Shape Rods Arrangement Single 
Width 0233 - Motility 7 Flexing + Gram - 
COLONIES #1, SA, PC. 

Form lrregular = |rregular Cireullar 

Surface Smooth Rough Smooth 

Edge : Erose Erose Erose 

Elevation Effuse/Flat Convex Raised 

Opt. Props. Translucent Opaque _ Transparent 

Colour 5 ¥ 7.5/6 WSP = Sale WGE® = 5 6/6¥= 

GENERAL WSP often Subsurface~ - Slime Layers+ Spreading $ 
LIQUID MEDIUM 

Turbidity Ba ‘ Flocculence - Silky - 
Viscous 1 Ring + Golousy ¢ 
PHYSIOLOGY 

TEMP°C Min, 10 Opt. 25 Max. 40 

PH Min, 6 Opt. 6-10 Max, 10 

0, Growth Anaerobic 7- Candle Jar + Folie -+ Best Candle/Air 
NaCl Good growth up to 9% Partial inhibition 1% Total inhibition 3% 
CHO 

SUGARS OF Glucose 0 Glucose, ++ Sucrose, + Lactose: + Cb, + 
ALCOHOLS Glycerol - Mannitol - STARCH! SSY - NB? = Potato- 
GEUUUHOSE iliten Paper: ~ CME + AGAN Pits. ~ Gelase + 
POLYPECTATE i- ALGINATE + CHITIN + 
PROTE!NS 
Tryptene: + Gelatiim Vig. * Skim milk lysis + Haemolysis ++ 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis : ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 
= ?, } a 2 om r oh PR Se 

NO, NO. 2+ NO, gas om 7? NO, ase” acceptor Cystein >HoS 

Indole - Phosphatase + Catalase + Oxidase * 
N SOURCES 

NO + NH), + Urea - Glutamate + Asparaginate + Tryptone +t 


Casitone + Gelatin + Casein + SM + acetate * Prototrophic * 
2+ 
Sttims, by V.E.+ Ani tin) Needs Y.E. ~ 
ANTIBIOTIC etc. sal di 


Actinomycin D NO, Polymyxin B | S 
Chloramphenicol R Dihydrostrep. R Penicillin G R 
SLS ae reduced <.| growth inhibited «| 
PREDATION 

E.coli -- Ps,aeruginosa ? Arthrobacter + S.marcescens 
B.subtilis * Chlorella ~ Actino 32 + Actino 4] + 


Yeast + Rhizopus + Penicillium + Sclerotinia * 
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PROFILE OF ORGANISM: 4664 (ii) (LYSOBACTER ENZYMOGENES) 
CEs 

Length 1-3 u Shape Rods Arrangement Single 
Width 0.3 4 Motility. - Flexing + Gram. - 
COLONIES #1. SA. PL, 

Form Circular ~ Circular Circular 

Surface Smooth Smooth Smooth 

Edge Entire Erose Entire 

Elevation Raised Raised Convex 

Opt. Props. Transparent Translucent Translucent 

Colour 2.5 X7b.5/6 WSP.- 2.6 Yr/o-- 2.5. ¥/6/6: - 

GENERAL WSP often Subsurface: - Slime Layers- Spreading S 
LIQUID MEDIUM 

Aunbidity dtr Flocculence - Silky 55 
Viscous # Ring + Colour ©C 
PHYSIOLOGY 

TEMP °C Min, 10 Opt. 25 Max. 40 

PH Min, 6 Opt. 6-10 Max. 10 

0, Growth Anaerobic - Candle. Jar *# + Ady + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO 

SUGARS OF Glucose 0 Glucose _+ Sucrose t+ lactose + Cb, t 
ALCOHOLS Glycerol - Mannite! =  GTARCH SS¥-- - NB -- Petato - 
CELLULOSE Filter Paper - CMC + AGAR Pits - Gelase + 
POLYPECTATE = ALGINATE + CHITIN + 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis +* 
Casamino A uset ammonif. + Casitone use + ammonif, + 
Casein lysis* ammonif, + Penassay use * ammonif. * 
BIOCHEMISTRY 

NO g-7 NO, 2+ NO, gas or ?- NO, as e” acceptor - Cystein+H,s 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 

NO =F Nh), ~< Urea ~~ Glutamate + Asparaginate t Tryptone * 
Casitone + Gelatin + Casein * SM + acetate * Prototrophic 5 


ice the 
Stim, by Y.E, ?+2chitin Needs Y.E. 7. 


ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D §$ 


NO, 


Chloramphenicol R Dihydrostrep, R 

SLS growth reduced ¢.1 growth inhibited .| 
PREDATION 

a Cee Ps.aeruginosa ? Arthrebacter t $6. 


B.subtilis + Chlorella - Actino 32 + 


Rhizopus + Penicillium + 


Yeast + 


Actino 41 


Sclerotinia 


Polymyxin B RS 


Penicilling R 


marcescens 
+ 
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4565 (i)  (LYSOBACTER ENZYMOGENES) 


PROFILE OF ORGANISM: 


»CELES 
Length In4 oy Shape Rods Arrangement Single 
Width 0.4 Motility - Flexing + Gram - 
COLONIES Hl, SA. Pe. 
Form « Circular ssCiineular «Circular 
Surface Smooth Rough Smooth 
Edge Erose Undulate Undulate 
Elevation Effuse/Flat Raised ~ Convex 
Opt. Props. Translucent Opaque Opaque 
Colour 5 Y 6/4 WSP + hY 7/4 - BONS 77 Gh 
GENERAL WSP often Subsurface + Slime Layers- Spreading §S 
LIQUID MEDIUM 
Turbidity Bh Fieceulence  ~ Silky + 
Viscous « Ring + Colour C 
PHYSIOLOGY 
TEMP °C Min, 10 Ope. V-35 Max, 40 
PH Mim, 7 » Opes ~ fed Max, 10 
0, Growth Anaerobic .- Candle Jar + ker? Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition »3% 
CHO 
SUGARS OF Glucose Glucose + Sdcrose + Lactose +” Cb, Ft 
ALCOHOLS. Glycerol - Mannitol - STARCH SSY- ne = Peta = 
CELLULOSE Filter Paper ~~ €MC + AGAR Pits - Geélase + 
POLYPECTATE ~ ALGINATE + CHITIN + 
PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis ++ 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif, + Penassay uset ammonif. + 
BIOCHEMISTRY 
NO. NO, ?+ NO, gas or i he NO, as e” acceptor - Cystein+H,S 
indole -- Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO. + NH), + Urea - Glutamate + Asparaginate + Tryptone + 
Casitone + Gelatin + Casein + SM + acetate + Prototrophic + 


Stim, by Y.E.+ dbvtin Needs Y.E. - 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D S NO, - Polymyxin B | § 
Chloramphenicol (S) Dihydrostrep. R Penicillin G R 
SLS growth reduced <3 growth inhibited ,1 

PREDATION 

Es calih Ps,aeruginosa - Arthrobacter + S.marcescens + 
B.subtilis + Chlorella + Ketine 32 + Actino 4) + 


Yeast “4 Rhizopus + Penicillium + Sclerotinia + 
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PROFILE OF ORGANISM: 


CELLS 
Length l-ll py Shape Rods Arrangement Single 
Width Ow i Motility - Flexing + Grams = 

COLONIES #1, SA. PG 
Form Circular «Circular « Circular 
Surface Smooth Smooth Smooth 
Edge Entire Entire Entire 
Elevation Raised Raised Convex 
Opt. Props. Transparent Translucent Translucent 
Colour 10 YR 6/8 WSP- Paar YR Of 7" = Leary 16/6" 

GENERAL WSP often Subsurface’ + Slime Layers - Spreading S$ 

LIQUID MEDIUM 
Turbidity or Flocculence = Silky ig 
Viscous + Ring + Colour “TC 

PHYSIOLOGY 
TEMP °C Min, 10 Opt. 25-30 Max, 40 
PH Mifts 77 Upts  /-10 Max, 10 
0, Growth Anaerobic ~ Candle Jar + Arr + Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition >» 3% 

CHO 
SUGARS OF Glucose 9 Glucose + Sucroset idétose * Cbst 
ALCOHOLS Glycerol - Mannitol - STARCH SOY = NB - Potato - 
CELLULOSE Filter Paper - CMC + AGAR Pits - Gelase + 
POLYPEGTATE - ALGINATE + CHITIN + 

PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis*t 
Casamino A use + ammonif. + Casitone use t ammonif. + 
Casein lysis +t ammonif, + Penassay use 7 ammonif. * 
BIOCHEMISTRY 
NOs NO. + NO,-* gas Or FF NOS as e” acceptor ~ Cystein+>H,$ 
Indole ~- Phosphatase t+ Catalaset Oxidase * 

N SOURCES 
NO3* NH), =~ Biter ~~ Glutamate * Asparaginate + Tryptone t 
Casitone + Gelatint+t Casein * SM + acetate * Prototrophic * 
Stim, by Y.E. + GA¥tin Needs Y.E. - 

ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S NO, - Polymyxin B tS 
Chloramphenicol R Dihydrostrep. R Peniciliin G@ R 
SLS growth reduced <1 growth inhibited .| 

PREDATION 
E-cotr ~- Ps,aeruginosa - Arthrobacter + S.marcescens t 
B.subtitis “+  Chiorella ‘+ Actino 32 + Actino 4) * 

+ 


Yeast + Rhizopus * Penicillium * Sclerotinia 
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B WNZOMOGENES ya rp 
PROFILE OF ORGANISM: 138 (L,ENZOMOGENES var, COOKII) 


CELLS 
Length 3-13 p Shape Rods Arrangement Single 
Width 0.5 Motility = Flexing + Gram ~ 
COLONIES #1. SA. PGs 
Form lrregular lrregular =Cireular 
Surface Rough Rough Smooth 
Edge Erose Erose enepre 
Elevation Effuse -Ef fuse/Umbonate Convex 
Opt. Props. Transparent Transparent Translucent 
Colour 7.5 YR'6/8 WSP - 7.5 YR 6/6 - 2.5 Y 6/6 - 
GENERAL WSP somez subsurface -'t Slime Layers t+ Spreading s 
LIQUID MEDIUM 
Turbidity ++ Floceulence ~ Siiky. > 
Viscous “i Ring + Colour Offwhite 
PHYSIOLOGY | 
TEMP°C Min, 8 Opt. 30 Max, 35 
PH Mifis b2 Opt. 5310 Max, 10 
0, Growth Anaerobic ~ Candle Jar + Air + Best Candle/Air 
NaCl Good growth up to 9% Partial inhibition J%Total inhibition 3% 
CHO 
SUGARS OF Glucose 0 Glucose + Sucroset bactose + €b, + 
ALCOHOLS Glycerol - Manfitel-= STARE SsY- NB = Potate +*F 
CELLULOSE Filter Paper - CME+ AGAR Pits - Gelase + 
POLYPECTATE + ALGINATE ~ GHITIN + 
PROTEINS 
irypténe + ~*~ Gelatin itq: + Skim milk lysist Haemolysis + 
Casamino A use + ammonif. + Casitone use + ammonif. + 
Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 
NO o> NO, NO,-> gas or i NO, as e acceptor ~ Cystein>h,S = 
Indole ~- Phosphatase + Catalase +t Oxidase + 
N SOURCES 
NO. NH), * Drea t Glutamate Asparaginate + Tryptone + 
Gasitene * Gelatifi * Casein * SH + seétate * Prototrophic ~ 


Stim, by Y.E. = ght in Weeds YiE, tigla-*chitin 
ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin DS NO, + ) Polymyxin B I S$ 
Chloramphenicol S Dihydrostrep.R Penicillin G R 
-SLS growth reduced .01 growth inhibited «1 

PREDATION 

G.éott * Ps,aeruginosa™ Arthrobacter + S.marcescens - 
B.subtilis * Chiorellat Act ine 32. + Actino 4] + 


Yeast + Rhizopus * Penicillium + Sclerotinia = 
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CELAS 
Length 1-2,5. u Shape Rods Arrangement Single 
Width O.4 4 Motplity Flexing + Gram - 
COLONIES #1, SA. rc. 
Form Circular Circular 2 Circular 
Surface Rough/Smooth Rough/Smooth Smooth 
Edge Entire Erose Erose 
Elevation Ef fuse/Convex Ef fuse/Convex Convex 
Opt. Props. Transp/Opaque Transp/Opaque Opaque 
Eetour jf baYRr2.5/4 wep + 765 YRA/b,+ TO, YRy 4/ 3p 4+ 
GENERAL WSP always Subsurface ++ Slime Layers - Spreading §$ 
LIQUID MEDIUM 
Turbidity Co Flocculence .- Sidley 4 +t 
Viscous * Ring Colour Sa lpon 
pin 
PHYS |OLOGY 
TEMP °C Min, 10 Opt, 725 Max, 40 
PH Min, 5 Opt. 2 Max, 10 
0, Growth Anaerobic - Candle Jar + Air + — Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition 3% 
CHO 
SUGARS OF Glucose 0 Glucose + Sucrose = Lactose - Cb, + 
ALEGHOLS Giycerol = Mannitel + STARCH S$SY- NB te - Petato <- 
CELLULOSE Filter Paper ~ CMC * ‘AGAR Pits.-- Gelase * 
POLYPECTATE ~7 ALGINATE . - CHITIN + 
PROTEINS 
Tryptone + Gelatin liq. ? Skim milk lysis + Haemolysis ? 
Casamino A use + ammonif. - Casitone use + ammonif., + 
Casein lysis + ammonif, + Penassay use + ammonif.  - 
BIOCHEMISTRY 
NO o> NO, ¥ NO, gas or. 2- NO, as e acceptor ?+ Cystein+H,§ 
Indole - Phosphatase + Catalase + Oxidase = 
N SOURCES 
NO,* NH), + Urea + Glutamate + Asparaginate + Tryptone + 
€asitone * Gelatin @?- Casein*+ SM + acetate + Prototrophic t 
Stim, by Y,E. % Needs Y.E. - 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D NO. = Polymyxin BIS 
Chloramphenicol R Dihydrostrep. R- Penicillin G R 
SLS growth reduced <1 growth inhibited I 
PREDATION 
E. coli + Ps.,aeruginosa- Arthrobacter + S,marcescens + 
B.subtilis + Chlorella + Actino 32 ? Actino 4) + 


Yeast + Rhizopus = Penicillium + Sclerotinia? 
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PROFILE OF ORGANISM: _/-\_(FLEXIBACTER sp.) 
GELES 

Length 130 4 Shape = Rods Arrangement Single 
Width O29 4 Motility - Flexing + Gram + 
COLONIES #1, SA. be. 

Form amCixcular 2 Circular Circular: 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Flat Flat Raised 

Opt. Props. Transparent Translucent Translucent 
Colour 10 YR 6/12 WSP 10 YR 6/12 - 10 YR 5/8 = 
GENERAL WSP - Subsur face+ Slime Layers - Spreading § 
LIQUID MEDIUM 

Turbidity + Flocculence - Silky + 
Viscous - Ring Colour’ OY. 
PHYS |OLOGY 

TEMP°C Mim, 0 Opt. 30 Max. 40 

PH Mim, <6 Opts, 76 Max, 10 

0., Growth Anaerobic - Candle Jar + Air + Best Candle/Air 
NaCl Good growth up to 3% Partial inhibition>3% Total inhibition> 3% 
CHO 

SUGARS OF Glucose 0 Glueoser + Sterose Fl amllaetose:- Chy,+ 
ALCOHOLS Glycerol + Mannitol’ + STARCH SSY + NB?+ Potato - 
CEURUEOSE, Fijliten Raper = CMC) %- AGAR Ptits:>  Geliases ++ 
POLYPECTATE - ALGINATE - CHITIN = 
PROTEINS : . 

Tryptone + Gelatin liq. 7? Skim milk lysis + Haemolysis - 
Casamino A use +  ammonif. + Casitone use + ammonif, + 
Casein lysis ig ammoni f, Penassay use + ammonif. - 
BIOCHEMISTRY 

NO. NO, = NO,-* gas or NO: as e acceptor + Cystein->Hs ar 
Indole Phosphatase + Catalase ? Oxidase + 
N SOURCES 

NO, NH, ++ Uneay + Glutamate Asparaginate Tryptone + 

a, 
Casitone + Gelatin ?- Caseint SM + acetate + Prototrophic 


Stim, by Y.E.~glu tchitifteeds Y.E, + chitin 


ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin D 


Chloramphenicol s 

SLS growth reduced 01 
PREDATION 

E., conte’ - Ps.,aeruginosa 


B.subtilis - Chlorella 


Yeast - Rhizopus - 


+ 


NO, = 
Dihydrostrep. | 


growth inhibited 


Arthrobacter - 
Actino 32 - 


Penicillium ? 


Polymyxin B RS 
Penicillin G (S) 
al 


S.marcescens - 
Actino 41- 


Sclerotinia ? 
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PROFILE OF ORGANISM: 15 D Bie 
CELLS 

Length 1-60 y Shape Coccobacilli Arrangement Single 
Width 0.6 2 Motility 7 Flexing ** Gram “- 
COLONIES #1. SA. PGs 

Form Circular Circular Circular 

Surface Smooth Smooth Smooth 

Edge Entire En tire Entire 

Elevation Raised Convex Convex 

Opt... Props. |. Translucent Translucent _ Opaque 

Colour5 YR 6/10 WSP- Sar St 5710 = Bey Re or 10" = 
GENERAL WSP - Subsurface + Slime Layers + Spreading R 
LIQUID MEDIUM 

Turbidity + Flocculence + Silky + 
Viscous z Ring) * or Pellicle Colour COY 
PHYSIOLOGY 

TEMP°C Min, 8 Ope. 25230 Max, 35 

PH Wins 3 Opt. 6-9 Max, 10 

0, Growth Anaerobic + Candle Jar + i a Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO No... fi 

SUGARS OF Glucose action Glucose+ Sucrose slow Lactose - Cb. = 
ALCOROLS: Glycerol - MNarnniiitell! — STARCH) SSY° =+ NB + Potato ? 
CELUULGSE Filter Paper~ CMG -~ AGAR Pits - Gelaset 
POLYPECTATE 7+ ALGINATE - CHITIN - 
PROTEINS : 

Tryptone + Gelatim liq. + Skim milk lysis + Haemolysis + 
Casamino A use t+ ammonif. + Casitone use + ammonif, + 
Casein lysis +t ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 

NO. NO, ~ NO, gas on 7 at NO, ase” acceptor ~ Cystein+H,$ + 
Indole + Phosphatase + Catalase + Oxidase + 
N SOURCES 

NO,- NH, + Urea ~ Glutamate + Asparaginate + Tryptone + 
Gastitone:+ Gelatin + Casein++ SM + acetate + Prototrophic - 


Stim, by Y.E. - Gh¥tin Needs Y.E. +. 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D S NO, 3 Polymyxin B R | 
Chloramphenicol R Dihydrostrep, R Penicillin G R 
SLS growth reduced +01 growth inhibited 1 
PREDATION 

Sac 7 Ps,aeruginosa ~~ Arthrobacter ~- S.marcescens - 
Bi.subtlil iss - Chlorella: - Actino 32 ? _Retine Wy) %% 


Yeastt + Rhizopus ~ Penicillium ? Sclerotinia - 
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PROFILE OF ORGANISM: 


CELLS ; 

Lengthy ‘375 u Shape CoOccobaci}11 Arrangement Single 
Width Qa + Motility - Flexing + Gram - 
COLONIES #1, SA PE. 

Form Circular Circular Circular 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Raised Convex Convex 

Opt... Props. - Transparent Translucent Translucent 

Colour 6 YR 6/12 WSP - 5. YRY 5/t20- 5 YRES 712; = 
GENERAL WSP - Subsurface — + Slime Layers + Spreading (R) 
LIQUID MEDIUM 

Turbidity - . Flocculence + Silky + 
Viscous = Ring + Colour Qy 
PHYSIOLOGY ; 

TEMP” C Min, 38 Opt. 25 Max, 35 

PH Hin, 3 Opt. oro Max. 10 

0, Growth Anaerobic + Candle Jar + Air + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition 1% Total inhibition 3% 
CHO A 

SUGARS OF Glucose action Glucose *’ Sucrose *- Lactose = (Cb,= 
ALCOHOLS Glycerol - Mannitol - STARCH SSY + NB + Potato ? 
GEELULOSE Filter Paper = CMC - AGAR Pits - Gelase + 
POLYPECTATE ?+ ALGINATE - CHITIN - 
PROTEINS 

Tryptone © + Gelatin liq. + Skim milk lysis + Haemolysis + 
Casamino A use + ammonif. * Casitome use + ammonif. + 
Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 

NO o> NO. - NO, gas or 7+ NO, as e” acceptor - Cystein+HS Es 
Indole + Phosphatase + Catalase+ Oxidase + 
N SOURCES 

NO.+ NH), slowUrea - Glutamate + Asparaginate + Tryptone + 
Casitone+ Gelatin + Casein + SM + acetate + Prototrophic + 


anim, by Y.E. 3 av ein Needs Y,£. = glu + chitin 
ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin D Ss NO, - Polymyxin BR | 
Chloramphenicol R Dihydrostrep. R Penicillin G@ R 
SLS growith reduced <¢.1l growth inhibited .1 

PREDATION 

FE coi4 7 Ps,aeruginosa ~~ Arthrobacter + S.,marcescens - 
B.subtilis + Chlorella ? Actino 32 ? Actino 4] + 


Yeast am Rhizopus 7 Penicillium + Sclerotinia - 
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PROFILE OF ORGANISM: 22AVOBACTERIUM ESTEROAROMATICUM NCIB 6186 (not FLAVOBACTERIUM 


CELLS 

Length 1-2.5 yp» Shape Coccobacilli Arrangement Single 
Width 0.3 Motility - Flexing ~ Gram + 
COLONIES #1. Ss PEG 

Form Punctiform Punctiform Circular 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Convex Convex Raised 

Opt. Props. Transparent Translucent Transparent 

coleur S/e50vRve5/s  WeP— ~~ PESEVAPRS/S - Oe YY OF 7a 

GENERAL WSP - Subsurface * Slime Layers - Spreading R 
LIQUID MEDIUM 

Turbidity sas Froccurence ~ silky = 
Viscous - Ring - Colour LC 
PHYSIOLOGY . 

TEMP °C Mts V5 Opt. 25-40 Max, 40 

PH Mitts; 45 Opt. 5e10 Max, 10 

0, Growth Anaerobic - Candle Jar + Alt -} Bés't. Candle/Air 
NaCl Good growth up to 2% Partial inhibition 3% Total inhibition > 3% 
CHO 

SUGARS OF Glucose 0 Gluéose + Sucroset tLadetose * Cb;t 
ALCOHOLS Glycerol + Mannitol ~- STARCH SSY t NB + Potato ? 
CELLULOSE Filter Paper =~ €MC ~ AGAR Pits ~ Gelase * 
POLYPECTATE + ALGINATE ~ CHITIN ~ 
PROTEINS 

Tryptone + Gelatin liq. * Skim milk lysis +  Haemolysis 
Casamino A use + ammonif. + Casitone use +t ammonif. 

Casein tysis * ammoni f, Penassay use 7 ammonif. 
BIOCHEMISTRY 

—s = = - ot eke + 

NO 3-3 NO, NO, gas or ? NO, as e” acceptor Cystein »HOS 
Indole - Phosphatase + Catalase ?- Oxidase +t 
N SOURCES 

NO=” NH), + Urea * Glutamate + Asparaginate * Tryptone + 


Casitone + Gelatin + Casein + SM + acetate * Prototrophic ~ 
+ ae 
SGhirs by Yoke ~ ghitin Needs Y.E. + 
ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D S NO, - Polymyxin B R | 
Chloramphenicol R Dihydrostrep.° Penicilling ! 
SUS grewet! reduced! “*'c 1 growth inhibited .1 
PREDATION 
Be corti = Ps.,aeruginosa ~~ Arthrobacter 7 S.marcescens ~ 
B.subailia =~ Chlorella 7~ Aetino 32 ~ Actino 4) ? 


Yeas. oF Rhizopus ~ Penicillium ? Sclerotinia ~ 
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PROFILE OF ORGANISM: FLAVOBACTERIUM FLAVESCENS NCIB 8187 (not FLAVOBACTERIUM) 


a ee 


* CELLS 

Length 0,6-2.4 u Shape Coccobacilli Arrangement Single 

Width Ces v Motility ay Flexing - Gram + 
COLONIES #l, SA. PG. 

Form Punctiform Punctiform Circular 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Convex Convex Convex 

Opt. Props. Transparent Translucent -Translucent 

Catour 5 ¥9 7.5/6 WSP - BY 7/6)- 4 Y 6.5/6 - 

GENERAL WSP - Subsurface: + Slime Layers 7 Spreading R 
LIQUID MEDIUM 

Turbidity tt Flocculence - Siileyy, et or- 

Viscous = Rid: 7 Colour LC 
PHYSIOLOGY 

TEMP°C Min, 15 Cpe, 30535 Max, 40 

PH Min, 5 Opt. 5-10 Max, 10 

0, Growth Anaerobic ~ Candle Jar + a Best Candle/Air 

NaCl Good growth up to 2% Partial inhibition 3% Tota! inhibition »3% 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose + Lactose + Cb,+ 


ALCOHOLS Glycerol t+ Mannitol - STARCH SSY + NB + Potato ? 


CEELULOSE Filter Paper = CMe ~~ AGAR Pits- Gelase * 
POLYPECTATE. - ALGINATE ~ CHIT = 
PROTEINS 
Tryptone + Gelatin liq. + Skim milk lysis + -Haemolysis + 
Casamino A use + ammonif. + Casitone use + ammonif, + 
Casein lysis +t ammon i f, Penassay use + ammonif. + 
BIOCHEMISTRY 
naa 5 a - 7 - . ; + 
NO.-> NO, NO. >gas or ? NO, as e” acceptor Cystein-+H,S 
Indole - Phosphatase + Catalase ?- Oxidase + 
N SOURCES 
NO.- NH, + Urea + Glutamate + Asparaginate + Tryptone + 
Casitone + Gelatint Casetn + SM + acetate * Prototrophic~ 
: - a 
Stim, by Y.E. — Ehitin Needs Y.E. + 
ANTIBIOTIC etc, SENSITIVITIES 
Actinomycin D s Naa Polymyxin BR | 
Chloramphenicol | Dihydrostrep. § Penicillin G | 
SLS growth reduced ¢.! growth inhibited ol 
PREDATION 
E. Colt .- Ps,aeruginosa - Arthrebacter - S.marcescens - 
B.subtilis ~ Chlorella - Acting 32 7 Actino 41 ? 


Yeast + Rhizopus - Penicillium ? Sclerotinia - 
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FLAVOBACTERIUM SUAVEOLANS 


PROFILE OF ORGANISM: 


hos 


S NCIB B 8188a (not } FLAVOBACTERIUM) 


LeLLS 

Pength Ovaek ll Shape Coccobac!]1i Arrangement Single 
Width 0.2 4u Motility + Flexing> Gramz > + 
COLONIES fl, SA, PC. a 
Form Circular Circular Circular 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Convex Convex Convex 

Opt. Props, Translucent Opaque Opaque 

Colour 7.5.¥° 7.5/4 WSP - 6 Y 8/10 - ON a) oan 

GENERAL WSP- Subsurface * Slime Layers Spreading 8 
LIQUID MEDIUM 

Turbidity ++ Elocculence <= Silky + 
Viscous - Ring Colour Deep LC 
PHYSIOLOGY | 

TEMP °C Min, 10 Opt. 35 Nae nU 

PH Mies, Opt. 7-10 Max, 10 

0, Growth Anaerobic ~ Candle Jar + Avi. 55 Best Candle/Air 
NaC] Good growth up to 1% Partial inhibition 2% Total inhibition > 3% 
CHO 

SUGARS OF Glucose 0 Glucose * Sucrose t bactcose Cb, 
ALCOHOLS Glycerol + Mannitol ~ STARCH SSYt NB ?*+ Potato + 
CELLULOSE Filter Paper - CMC ?- AGAR Pits - Gelase + 
PUEYPECTATE | °" ALGINATE ~ CHET | 
PROTEINS 
Tryptone + Gelatin lig. + slow Skim milk lysis + Haemolysis ™ 
Casamino A use + ammonif.+ Casitone use + ammonif. ~ 
Casein lysis + ammonif,+ | Penassay use t ammonif. = 
BIOCHEMISTRY 
>. 3 - = tm + 

NO o> NO, NO, gas or ? NO, as e acceptor Cystein »HS 
Indole - Phosphatase + Catalase ?- Oxidase + 
N SOURCES 

NO, - Wig + Urea + Glutamate t Asparaginate ~ Tryptone +t 

+ 
Casitone ?+ Gelatin slowCasein t+ SM + acetate + Protetropnic * 


+eqiu_. 
Stim, by Y.E.~ chitin 


ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D 


Chloramphenicol | 
SLS growth reducedé-! 


PREDATION 
Eeocoy f. =." 
B.subtilis- Chlorella - 


Yeast - Rhizopus - 


Needs Y, 


Ps,aeruginosa -- 


ee Ob gta: =<cLcin 


NO, 


Dihydrostrep, 
inhibited 


S 
growth 
Arthrebacter - 


Actino 3z .? 


Peniciliium ? 


B R | 
| 


Polymyxin 


Penicillin G 
a 


S marcescens - 
Actino 41 ? 


Sclerotinia ? 
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PROFILE OF ORGANISM: FLAVOBACTERIUM SUAVEOLANS NC1B 818Sb (not FLAVOPACTERIUM) 


On ne a ne a a rE a nr RE Re 


Length Os Seba Shape Coccobaci11 1 Arrangement Single 
Width 0.2 4 Motility 32 Blexing -. Grammy.” * 
COLONIES #1. SA, PC, ony 
Form Circular Circular Circular 
Surface Smooth Smooth Smooth 
Edge Entire Entire Entire 
Elevation Flat Convex Convex 
Opt. Props. Translucent Translucent Translucent 
Colour 5 Y 7.5/4 WSP - Bo p81G4> Say c6,6y- 
GENERAL WSP - Subsurface + Slime Layers - Spreading R 
LIQUID MEDIUM | 
Turbidity ++ Flocculence ~ Silky) #2. 
Viscous + Ring Colour Pale LC 
PHYSIOLOGY 
TEMP eG Min, 10 Opt. 20-40 Max, 40 
PH Min, 6 Opt. 6-10 Max. 10 
0, Growth Anaerobic ~ Candle Jar + Bee * Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition? 3% 
CHO 
SUGARS OF Glucose 0 Glucose * Sucrose + Lactose t+ Cb. * 
ALCOHOLS Giycerol + Mannitol..- STARCH ssyt NB ?+ Potato + 
GELLULOSE filter Raper .- GMG 47 AGAR Bits«" Gelase -+ 
POLYPEGTATE 7 ALGINATE 7 GHETEN -* 
PROTEINS 
Tryptone + Gelatin liq.+t slow Skim milk lysis + Haemolysis - 
Casamino A use + ammonif. + Casitone use + ammonif. 7 
Casein lysis + ammonif, + Penassay use + ammonif. 7 
BIOCHEMISTRY 
nyt - - ~ in + 
NO. NO. 0, gas on 4 NO, as:e acceptor Cystein >HoS 
Indole - Phosphatase + Catalase ?- Oxidase + 
N SOURCES 
NO,- NH, + Urea + Glutamate + Asparaginate ~ Tryptone + 
Casitone ?+ GelatintSlowCasein + SM + acetate *  Prototrophic ~ 
Stim. by, ¥.6. t Needs Y.E. + glu - chitin 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S NO. i Polymyxin B RS 
Chloramphenicol | Dihydrostrep. S Penicillin G | 
SLS growth reduced €.1 growth inhibited l 
PREDATION 
Becoht & Ps,aeruginosa ~ Arthrobacter ~ S.marcescens 
B.subtilis ~ Chlorella ~ Actino 32 ? Actino 41 ? 
2 : 


Yeast ~ Rhizopus ~ Penicillium Sclerotinia 
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FLAVOBACTERIUM DEVORANS NCIB 8195 


PROFILE OF ORGANISM: 


“CEELS 
Length 1-9 ou Shape Rod Arrangement Stars 
Width 0,8=1,0u Motility + Flexing 4 Gram - 
COLONIES #1. SA. PC. 
Form Circular Circular Circular 
Surface Smooth Smooth Rough 
Edge Entire Entire Entire 
Efevation Convex Convex Convex 
Opt. Props. Opaque Opaque Opaque 
Colour °2.5/¥-7/10 WSP - EDEN ST 10 = 2.5 Y 6/8 - 
GENERAL WSP - Subsurface: - Slime Layers - Spreading S 
LIQUID MEDIUM 
Turbidity it Flocculence - si tky + 
Viscous ? Ring + Colour Dirty YC 
PHYSIOLOGY | 
TEMP°C Min, 10 Opt. 35-40 Max, 440 
PH Min, 7 Opt. 7-10 Max, 10 
0, Growth Anaerobic - Candle Jar + Ate + Best Candle/Air 
NaCl Good growth up to 3% Partial inhibition>3% Total inhibition » 3% 
CHO 
SUGARS OF Glucose 0 Glucose + Sucrose + Lactose “t Cb, * 
ALCOHOLS Glycerol - Mannitol- STARCH SSY- NB ?+ Potato ?+ 
CELLULOSE. Filter Paper - CHE *" AGAR PRES” Gelase ~ 
POLYPECTATE ?- ALGINATE ~ CHA 
PROTEINS ; 
Teyptone * Gelatin: higqn - Skim milk lysis 7 Haemolysis + 
Casamino A use + ammonif. + Casitone use + ammonif. 
Casein lysis ? ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 
NO4-> NO, 4 NO, gas on a NO, ase” acceptor Cystein-H,S 
Indole ~ Phosphatase + Catalase + Oxidase * 
N SOURCES 
NO." NH, + Urea + Glutamate ¥ Asparaginate + Tryptone * 
Casitone + Gelatin - Caseint SM+ acetate *  Prototrophic ~ 
“Stim, by Y.E. + Needs Y.E.+ 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S NO, - Polymyxin B RR 
Chloramphenicol §$ Dihydrostrep. R PenicillinG |! 
SLS growth reduced .0] growth inhibited et 
PREDATION 
E.coli - Ps,aeruginosa - Arthrobacter - S.marcescens- 
B.subtilis - Chlorella ? Actino 32 ? Actino 41 7? 
Yeast - Rhizopus = Penicillium ? Sclerotinia ? 
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PROFILE OF ORGANISM: FZAVOBACTERIUM AQUATILE NCIB 8535 (not PLAVOBACTERIUM) 


ae 


CELLS 

Length lee un Shape Coccobacil1i Arrangement Single 
Width 0.3 u Motility + Flexing - Gram + 
COLONIES #1, SA. i OF 

Form Punctiform Punctiform Circular 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Convex Convex Raised 

Opt. Props, Transparent Translucent Translucent 
Colour 5 Y 7/6 WSP - Sek TASbr 2.5 YROTOrs 
GENERAL WSP - Subsurface + Slime Layers - Spreading R 
LIQUID MEDIUM 

Turbidity t+ ; Flocculence - Silky + 
Viscous - Rung = Colour LC 
PHYSIOLOGY 

TEMP °C Min, 15 Opt. 25-35 Max. pH 

PH Min, 6 Opt. 6-10 Max. 10 

0, Growth Anaerobic - Candle Jar + Air + Best Candle/Air 
NaC] Good growth up to 24 Partial inhibition 3% Total inhibition >3% 
CHO 

SUGARS OF Glucose 9 Glucose + Sucrose + Lactose + Cb, + 
ALCOHOLS Glycerol. +. Mannitol - STARCH SSY + NBt Potato ? 
CELLULOSE Filter Paper- CHE = AGAR Pits.- Gelase + 
POLYPECTATE ?- ALGINATE - Ona = 
PROTEINS 
Tryptone + Gelatin liq. * Skim milk lysis + Haemolysis + 
Casamino A use + ammonif. + Casitone use Ls ammoni f. i 
Casein lysis + ammoni f, Penassay use + ammonif. + 
BIOCHEMISTRY 
s = - 4 ss . ue 

NO 5-7 NO. NO, gas or 2 NO, as e acceptor Cystein+H,5 
Indole - Phosphatase + Catalase ?- Oxidase + 
N SOURCES 
NOs NH, * Urea 7 Glutamate t+ Asparaginatet Tryptone? * 


Casitone + Gelatin *+ Casein + SM + acetate * Prototrophic ~ 
Stim, by-Y.E, * @h¥tin Needs Y.E. + 
ANTIBIOTIC etc, SENSITIVITIES 


Actinomycin D S$ NO, - Polymyxin B RR 
Chloramphenicol R Dihydrostrep. $ Peniciliin G | 
SLS growth reduced <.l growth inhibited .l 
PREDATION 

E.coli - Ps.aeruginosa - Arthrobacter - S.marcescens - 
B.subtilis - Chlorella- Actino 32 *- Actino 4] ? 


Yeast + weak Rhizopus - Penicillium ? Sclerotinia - 
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PROFILE OF ORGANISM: FLAVOBACTERIUM RESINOVORUM NC1B 8767 (CYTOPHAGA sp.) 


CELLS 
Length 1-15 u Shape Rods Arrangement Single 
Width O.4 u Motility - Alexings, +4 Grams ~ 
COLONIES #1, SA. Pe 
Form Circular Circular Circular 
Surface Smooth Smooth Rough 
Edge Entire Entire Erose 
Elevation Raised Convex Raised 
Opt. Props. Transparent Translucent Translucent 
Colour 7.5 YR 6/10 WSP - 7.5 YR 6/10 - TOWER 
GENERAL WSP - Subsurface + Slime Layers ~- Spreading S 
LIQUID MEDIUM 
Turbidity it Flocculence - Silky + 
Viscous - Ring Colour Dirty OY 
PHYSIOLOGY 
TREC Min, 5 Opts. 15520 Max. 25 
PH - Mina 6 Opt. 6-10 Max. 10 
05 Growth Anaerobic - Candle Jar + Air + Best Air 
NaCl Good growth up to 1% Partial inhibition<2% Total inhibition 2% 
CHO 
SUGARS OF Glucose 0+slow FGlucose + Sucrose - Lactose - Cb.+ 
ALCOHOLS. Glycerol] - Mannitol - STARCH! SS¥/ +. NBY?# Potato; + 
CELLULOSE filters Paper GHitS = AGAR Fite, ~ Gelase: + 
POLYPECTATE ?- ALGINATE ~ CHITIN + 
PROTEINS 
Tryptone + Gelatin liq. + slow Skim milk lysis + Haemolysis ~ 
Casamino A use * ammonif. + Casitone use * ammonif., 7~ 
Casein lysis Fr ammonif, + Penassay use + ammonif. * 
BIOCHEMISTRY 
ae - - S % - tires + 
NO-3 NO. NO, gas or ? NO, as e acceptor Cystein »HoS 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO," NH), + Uneay + Glutamate + Asparaginate + Tryptonet 
Casitone ?+Gelatintslodasein + SM + acetate + Prototrophic - 
Stier, byy YE + Needs Y.E.+ 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D s NO, ~ Polymyxin B | S$ 
Chloramphenicol s Dihydrostrep. $ Penicillin G R 
SLS growth reduced <.1 growth inhibited | 
PREDATION 
E.coli) ~- Ps,aeruginosa ~ Arthrobacter - S.marcescens - 
Bisubtilis,* = Qhiltnedila: - Actino 32 + Actino 41 - 


Yeast - Rhizopus 7 Penicillium - Sclerotinia + 
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NCIB 877] 


CELLS 
Length I-40 u Shape Rods Arrangement Single 
Width Dw Monidity - Flexing + Gram ~ 
COLONIES #1. SA. PL. 
Form = Circolar Punctiform Irregular 
Surface Smooth Smooth Rough 
Edge Entire Entire Undulate 
Elevation Convex Raised Umbonate 
Opt. Props... Translucent Translucent Translucant 
Colour 5 Y 8/2 WSP- 10 YR 7/4 - 10 YR 6/3 - 
GENERAL WSP - Subsurface ° - Slime Layers - Spreading (S) 
LIQUID MEDIUM 
Turbidity er Flocculence ~ Silky + 
Viscous a Ring Pellicle Colour Dirty OY 
PHYSIOLOGY 
SEMPRE C Min. dp Dot. 265-35 Max. 935 
PH Min. 6 Opt. 6 - 10 Max. 10 
0, Growth Anaerobic - Candle Jar + Kine <t Best Candle/Air 
NaCl Good growth up to 04 Partial inhibition 1% Total inhibition 2% 
CHO re 
SUGARS OF Glucose F Glucose +t Sucrose = Lactose? fb2),, 
ALCOHOLS Glycerol + Mannitol +t STARCH SSY¥ NB: 5. Potako. |.> 
CELLULOSE Filter Paper - CMC + AGAR Pits ~ Gelaset 
POLYRECTATE »7. ALGINATE ~ CHITIN 7 
PROTEINS 
Tryptone + Gelatin liq. 7 Skim milk lysis - Haemolysis - 
Casamino A use + ammonif. - Casitone use + amimonif. + 
Casein lysis - ammoni f, Penassay use + ammonif. + 
BIOCHEMISTRY . 
NO 5" NO, BS NO, gas SE = NO, as e° acceptor t+ Cystein-H,S 4 
Indole- Phosphatase + Catalase + Oxidase - 
N SOURCES ; 
NO. ~ NH), + Urea + Glutamate ~ Asparaginate ~- Tryptone + 
Casitone +, Gelatin ?> Gasein = SM’ + acetate - Prototrophic ~ 


Stim. by ¥.E. * Needs Y.E. + 


ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D S NO." 


2 
Chloramphenicol S$ 


Dihydrostrep. | 


Polymyxin B I S 


Penicillin G R 


S.marcescens ? 
Actino 4) ? 


= Sclerotinia 


SLS growth reduced >.] growth inhibited ? 
PREDATION 

i COLL Ps,aeruginosa™~ Arthrobacter 7 
B.subtilis™ Chlorella ~ Actino 32 + 
Yeast Rhizopus ~ Penicillium 
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PROFILE OF ORGANISM: | FLAVOBACTERIUM SUAVEOLANS NCIB 8992 


‘CELLS 
Length 2 Shape Rods Arrangement Single 
Width 0.3° u Motility - Flexing - Gram - 
COLONIES #1, SA. PC. 
Form Circular Circular Circular 
Surface Smooth Smooth : Smooth 
Edge Entire Entire Entire 
Elevation Raised Convex Convex 
Opt. Props. Translucent Opaque Opaque 
Colour2.5 Y 7/6 WSP" = Ped YR 6/12 - 10 YR 6/8 = 
GENERAL WSP - Subsurface - Slime Layers ~- Spreading S$ 
LIQUID MEDIUM 
Turbidity ++ | Flocculence ~ Siitikyr 
Viscous = Ring Colour OY 
PHYSIOLOGY | ) 
TEMP °C Mii. 10 Opt. 30 Nat. 35 
PH Min, 7 Opt. 7-10 Max, 10 
0, Growth Anaerobic - Candle Jar + bie + Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition 3% 
CHO 
SUGARS OF Glucose F Glucose +’ Sucrose - Lactose = Cb. 
ALCOHOLS Glycerol - Mannitol - STARCH SSY poorNB ?+ Potato + 
CELLULOSE Filter Paper - CNC - AGAR Pits - Gelase + 
POLYPECTATE ?- ALGINATE- CHITIN - 
PROTEINS : 
Tryptone + Gelatin liq. + Skim milk lysis +  Haemolysis - 
+ 
Casamino A use +tslow ammonifislow Casitone use + ammonif. = 
Casein lysis *t ammonif, + | Penassay use + ammonif. + 
BIOCHEMISTRY 
NO. NO, - NO, gas or f= NO, as e acceptor - Cystein+H,S £ 
Indole + Phosphatase + Catalase + Oxidase + 
N SOURCES 
NO, - NH), s low Urea - Glutamate - Asparaginate - Tryptone + 
Casitone ?+ Gelatin + Casein + SM + acetate + Prototrophic - 
Seti, Dye Vokes. + Needs Vola + 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin 9 Ss NO,- Polymyxin B | $ 
Chloramphenicol S Dihydrostrep. | Penicillin G R 
SLS growth reduced .01 growth inhibited .| 
PREDATION 
E.coli = Ps,aeruginosa ~~ Arthrobacter ~ S.marcescens ~ 
B.subtilis ~ Chlorella ~ Actino 32 ? Actino 41 ? 


Yeast ~ Rhizopus . ~ Penicillium ~ Sclerotinia ? 
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PROFILE OF ORGANISH: PLAVOBACTERIUM RHENANUM NCIB 9157a 
CELLS 
Length 23 wu Shape Rods Arrangement Single 
Width 0.5 wu Motility + Flexing 7 Gram = 
. COLONIES #1. SA, PC. 
Form = Circular = Circular + Circular 
Surface Smooth Smooth Smooth 
Edge Entire Entire Ent-Lire 
Elevation Ratsed Convex Convex 
Opt. Props. Transparent Translucent Translucent 
Colour 2.5 Y 7/8 Wop eS 10 s 10; YR 6570 a 
GENERAL WSP- Subsurface * Slime Layers - Spreading (S) 
LIQUID MEDIUM 
Turbidity ++ Flocculence - Silky = 
Viscous Ring Colour Dirty OY 
PHYSIOLOGY . 
TEMP°C Min, 10 Opt. 10-25 Max. 2935 
PH Min, 6 Opt. 6-10 Max, *40 
05 Growth Anaerobic - Candle Jar + Air Best Candie/Air 
NaCl Good growth up to 1% Partial inhibition 2% Total inhibition 3% 
CHO 
SUGARS OF Glucose F Glucose + Sucrose + Lactose® Cb.+f 
ALCOHOLS Glycerol + Mannitolt STARCH SSY - NB = Potate - 
CELLULOSE Filter Paper = CMC +t AGAR Pits’- Gelase’+* 
POLYPECTATE ?- ALGINATE - CHITIN = 
PROTEINS 
Tryptone «+ Gelatin liq. = Skim milk lysis = Haemolysis 7 
Casamino A use + ammonif.+ Casitone use + ammoni f. 
Casein lysis - ammonif, + Penassay use + ammonif. + 
BIOCHEMISTRY 
NO.> NO, + NO, gas or i aoa NO. as'e” acceptor tt Cystein-+H,$ + 
Indole - Phosphatase + Catalase + Oxidase +t 
N SOURCES 
NO3~ NH), + Urea * Glutamate * Asparaginate + Tryptone * 
Casitone ?+ Gelatin - Casein * SM + acetate ~  Prototrophic 
Stim. by ¥.E, + Needs Y.E. 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D S NO, . Polymyxin B R §& 
Chloramphenicol S Dihydrostrep. | Penicillin GR 
SLS growth reduced .] growth inhibited >.1 
PREDATION 
E.coli - Ps,aeruginosa ~- Arthrobacter~ S.marcescens ~ 
B.subtilis ? Chlorella ~- Actino 32 ? Actino 4} ? 


Yeast - Rhizopus ~ Penicillium - Sclerotinia ? 
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PROFILE OF ORGANI SM: FPLAVOBACTERIUM RHENAHUM NCIB 9157b 


CELLS 
fannth 2-9 4 Shape Ovoid Rods Arrangement Single 
Width O55 tt Motility + Flexing - Gram - 
COLONIES #l, SA; PC; 
Form Circular Circular Irregular 
Surface Smooth Rough Rough/Smooth 
Edge Erose Erose Erose 
Elevation Flat Raised Raised 
Opt. Props. Translucent Translucent Translucent 
Colour 2.5 °Y 7/8 WSP = 259 7/77) = 25 5¢N ©/6 = 
GENERAL WSP - Subsurface + Slime Layers - Spreading (S) 
LIQUID MEDIUM 
Turbidity ct . Flocculence ~-*" Silky 7 
Viscous “ Ring + Colour Dirty OY 
PHYS OLOGY | 
TEMP°C Min, 10 Opt. 85 Max, 35 
PH Min, 6 Opt. 7-10 Max, 10 
0, Growth Anaerobic~ Candle Jar + Air * Best Candle/Air 
NaCl Good growth up to 1% Partial inhibition<2% Total inhibition 2% 
CHO 
SUGARS OF Glucose F Glucose + Sucrose * Lactose t+ Cb, * 
ALCOHOLS Glycerol + Mannitol + STARCH SSY =~ NB = Potato 
CELLULOSE Filter Paper~-~ CMC- + AGAR Pits™ Gelase t+ 
POLYPECTATE i ALGINATE CHITIN -~ 
PROTEINS 
Tryptone + Gelatin liq. *~ Skim milk lysis ~ Haemolysist 
Casamino A use * ammonif. + Casitone use * ammonif. * 
Casein lysis ~ ammoni f, Penassay use * ammonif. * 
BIOCHEMISTRY 
NO o-y NO. + NO,» gas or 7= NO. as e” acceptor tt Cystein->H,$ t 
Indole - Phosphatase + Catalase + Oxidase ~ 
N SOURCES 
NOz- NH, + Urea + Glutamate + Asparaginate * Tryptone + 
Casitone + Gelatin- Casein ?- SM + acetate.” Prototrophic ~ 
Stim: Sy YE, * Néeds YE, ¢ 
ANTIBIOTIC etc, SENSITIVITIES 
Actinomycin D § KO, = Polymyxin BR S 
Chloramphenicol S$ Dihydrostrep. 1 Penicillin G R 
SLS growth reduced .1 growth inhibited ».1 
PREDATION 
e ¢oli-- Ps,aeruginosa™ Arthrobacter 7~ S.marcescens - 
B.subtilis ? Chlorella ~ Actino 32 ? Actino 4) ? 
+ 


Yeast - Rhizepus ~ Penicillium ~ Sclerotinia 
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NCIB 9290 (FLEXIBACTER 


PROFILE OF ORGANISM: FLAVOBACTERIUM HEPARINUM 


———= HEPARTNUS) 

CECES 

Length ep) Shape Rods Arrangement Single 
Width 0.3 u Motility - Flexing + Gram - 
COLONIES a Sas res 

Form Irregular Irregular ~Circular 

Surface Rough/Smooth Rough/Smooth Smooth 

Edge Lobate Lobate Entire 

Elevation Umbonate Umbonate Umbonate 

Opt. Props. Transparent Translucent Translucent 

Colour2.5 Y 7/4 WSP- 1O'YR 7/4 = 10 YR 6/4 = 

GENERAL WSP - Subsurface - Slime Layers - Spreading S 
LIQUID MEDIUM | 

Turbidity + Flocculence ~ Shi ky) 

Viscous = Ring Colour Offwhite 
PHYSIOLOGY 

TEMP°C Min, 10 Opt. 20-35 Max. 35 

PH Ae of Opt. 7-10 Max, 10 

0, Growth Anaerobic - Candle Jar + Sir Best Candle/Air 


NaCl Good growth up to 2% Partial inhibition 3% Total inhibition > 3% 


CHO 


SUGARS OF Glucose 9 + Slow Glucose + Sucrose + Lactose + Cb, + 
ALCOHOLS Glycerol Stow Manic 2 lotoncn soi NB." Potato: = 
CEEEULOSE. Fitter Paper,- ne- AGAR Pits — Gelase t 
POLYPECTATE ?- ALGINATE ~- Crit itt. ~ 
PROTEINS 

Tryptone + Gelatin liq. = Skim milk lysis 7 Haemolysis t 
Casamino A use +s low ammoni fis low Casitone use + amnonif. - 
Casein lysis ? ammonif, + Penassay use + ammonif. - 
BIOCHEMISTRY 

NO 3-9 NO. - NO, gas or 7?- NO, as e acceptor + Cystein>H,$ + 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES 

NOs NH), SU aa Glutamate ~- Asparaginate - Tryptone + 
Casitone ?+ Gélatin - Casein + SM TF acetate - Prototrophic 


Stim, by Y.E. 9lhitin Needs Y.E. + chitin 
“ANTIBIOTIC etc. SENSITIVITIES 


Actinomycin D S$ NO, Polymyxin B I S$ 
Chloramphenicol R Dihydrostrep. R PenicillinG R 
SLS growth reduced +01 growth inhibited .| 
PREDATION 

Es colts Ps.,aeruginosa ~- Arthrobacter =  S.marcescens - 
B.subtilis - Chlorella ? Actino 32 + Actino 4) ? 


Yeast ~ Rhizopus ~ Penicillium ~ Sclerotinia - 
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PROFILE OF ORGANISM: FLAVOBACTERIUM LUCECOLORATUM NC1B 9324 (not FLAVOBACTERIUM; 
GEULS 

Length 1-2 u Shape Rods Arrangement Single 
Width 0-3 u Notihity: »«* Flexing, - Gham = 3 + 
COLONIES #1. SA. PG. 

Form Punctiform Punctiform = Circular 

Surface Smooth Smooth Smooth 

Edge Entire batire Ghee 

Elevation Pulvinate Pulvinate Convex 

Opt. Props. Translucent Translucent Translucent 

Colour5 Y 7/5° WSP - 725° Y-8 .5/20- 2258 Y*6..5/ 62 - 

GENERAL WSP Potato, Subsurface + Slime Layers - Spreading $ 
LIQUID MEDIUM 

Turbidity ++ Flocculence + Silky + 
Viscous “ Ring + Colour Deep LC 
PHYSIOLOGY 

TEMP °C Min, 10 Qpt. 30635 Max. 435 

PH Mim 7 Opt, 7710 Max, 10 

0, Growth Anaerobic 7 Candle Jar t Asiag Best Candle/Air 
NaCl Good growth up to 3% Partial inhibition>3% Total inhibition >3% 
CHO 

SUGARS OF Glucose 0+ slow F Glucose + Sucrose+ Lactose. + Gb. + 
ALCOHOUS Glycerol) §t.,,MannJijto]) to).,STARGH: SSY) - NB gt Rotato, = 
CELLULOSE Filter Paper ,- GME. = AGAR Pits - Gelase + 

ROLYREGTATE = ALGINATE ~ GHATIN: ~ 
PROTEINS 

Tryptone + Gelatin liq. + Skim milk lysis + Haemolysis - 
Casamino A use + slowammonif. slowCasitone use + ammonif. - 

Casein lysis + ammonif, + Penassay use + ammonif. - 
BIOCHEMISTRY 

ad We: = rh exe CeCe os ‘ 4 + 

NOs NO. NO, gas or ? NO, as e” acceptor Cystein+H,s 
Indole - Phosphatase + Catalase + Oxidase + 
N SOURCES , 

NO,” NH), SlovUrea + Glutamate + Asparaginate + Tryptone + 
Casitone 7+ Gelatint+t Casein + SM + acetate + Prototrophic~ 
Sim, by WB. * Needs Y.E, + 
ANTIBIOTIC etc, SENSITIVITIES 

Actinomycin D- S$ NO, - Polymyxin B RR 
Chloramphenicol R Dihydrostrep. R Penicillin G | 

SLS growth reduced Ci4 growth inhibited Sf 
PREDATION 

E.coli - Ps,aeruginosa ~ Arthrobacter - S.marcescens - 

Bi subsibiss: > Chlorella ~- Actino 32 ? Actino 4] ? 


Yeast ~ Rhizopus ~ Penicillium - Sclerotinia ? 


a : 3 ty ve Beds eis A 
PRED AEC. SAP AMO VO WO LAAIOAROY =. sy ee 
b= Meme renailrst mn 


teed sateen. Fe RTT I ee ae ie ant ienanetnn 


us f AB AO, oy 


Pree yee Se eee a 7 
: ; ne 5 ; AA hy : 
SOS JromesomaigA “9 eben sande iy eee ae ‘oat aT ede 
* aS te ~ pnixold,  * vib Paom a ee, ee na cl : od abi j 


ee hae | et ere ‘a 0 ie 
“Sl Goi re" RIDA: a eed bah “(er xy 
Asoome some» ” Wlbie ae Waoome  _ opatay 
BLISAR TP sii3ns re fie ayhind es epba 
xs VAROD ) sinilvies | ; ejeniviu’d noi teved cs | 
oul enay) ., PmesulezoasT jngoul enery .eqo39 ,da0 
~' 8\a.0 ¥, Bes ~Sie8¥ 3) = 92 RNC OY Saute 
2 onibesig? ~- grayed emiiz * gant medue S171 oo jaw JSS: 


~ AULaaM oly old 


Yo" 4 * patiad 4 ola . ot : 

: g 8) + Ox j | ; ey 
fs ke Te ie 

=) { 


1 ROME gpg” Oh sale 

amr Bit ag ah 
gage SHA te ethos)  abdossishh ‘dtwor? 
dai phen 4eaot BE, noi adie? Asis va ae 8 id adaware boo? 136m | 


wh Ta ” Pee ties a! “OKO 

12 + se0%zed = =twaotaye aoauia®: wot, 0 peers 30 Rniecit 
- \ fe003 “+E BH. A vee dane ad Lot haned Joigoy!a ea HOISA 
* eaplod  ~ eo faon = ao seat az0d4ua pi 

Lo BTA DIK 4 ae -BTATOR9Y408 

| het ae J ms an 7a rn mn & ey nian Wa 

~ glayvlcogeh + + shal ae wide ad pl sahteted . se 
~ alpomme -* o2u sisi aegvet 9 foannewole t wen A A Ratan? 
- Aingeig + Ba) werent + Pane: v1 + ela apha ' 


. ue 7 Pays Ral: Taree 7” a 
“s” hie ‘. 7 yeegRaw Tees on ade f a9 nek = is 


| | | 7 if + epsioiad | ba penne! oak ; 2 

‘ | | ") 3: see F ; 
+ * socsae - ba wt ‘nstlal ; *? vieiid hp Dis is a 
Jigar toIor4 | & snapane Ne a hee we: 


Vi he ae boat 4 air oe tC ei - 
4) Oude ‘A 


| ae ‘a sina 
fA Bolemyios =. aay eae 


A 8 aikliotaed fe ll georderig 
i | 


PROFILE OF ORGANISM: 


“GEELS 
Length 2-4 y 
Width Oro 

COLONIES ae 
Form Circular 
Surface Smooth 
Edge Entire 
Elevation Raised 


Opt. Props. Translucent 


Colour 4 YR 5/10 
GENERAL WSP - 


LIQUID MEDIUM 


466 
(contaminant, not C,SUCCINICANS) 


eee 


ee ene 


CYTOPHAGA SUCCINICANS RL 8 


Shape Rods Arrangement Single 
Metility + Flexing - Gram - 
SAS Pos 
Circular Irregular 
Smooth Rough 
Entire Curled 
Convex Pulvinate 
Opaque Opaque 
WSP- 2.5 YROG/ 12 - 2.5 YR 5/12 = 


Subsurface t+ Slime Layers - Spreading R 


Furbidity ++ Flocculence - Silky + 
Viscous > Ring Colour Dirty C 
PHYS !OLOGY 
TEMP’ C ptine: | 9 Opt. 15-30 Max, 35 
PH Min, 6 Opt. 7-10 Max, 10 
0, Growth Anaerobic - Candle Jar + par ve Best Candle/Air 
NaCl Good growth up to 3% Partial inhibition?3% Total inhibition 7 3% 
CHO | 
SUGARS OF Glucose 0 Glucose + Sucrose + Lactose+ Cb. + | 
? ? 
ALCOHOLS Glycerol §low Mannitol ‘$lowSTARCH 2 NB Potato - | 
CELLULOSE Filter Paper, - CMC - AGAR Pits ~ Gelase t+ 
POEYPECTATE 73 ALGINATE - CHITIN - 
PROTEINS 
Tryptone + Gelatin liq. - Skim milk lysis - Haemolysis - 
Casamino A use + ammonif. - Casitone use + ammonif. = 
Casein lysis - ammoni f, PenasSay use - ammonif. = 
BIOCHEMISTRY tee at 
NO > NO, + NO,” gas or payasea 4 as e acceptor - Cystein-Hos + 
Indole - Phosphatase - Catalase + Oxidase + 
N SOURCES 
RO ~ Ni slow Urea +7 Glutamate + Asparaginate - Tryptone + 
Gasitone - Gelatin - Casein - SM + acetate - Prototrophic = 
Stime bY Yee *F Neeas Ysbe + 
ANTIBIOTIC etc. SENSITIVITIES neg. in 
Actinomycin D S NO, Penassay Polymyxin B | § 
Chloramphenicol S Dihydrostrep. S$ Penicillin G R 
SLS growth reduced <.] growth inhibited .1 
PREDATION 
E.coli - Ps,aeruginosa ~- Arthrobacter - S.marcescens - 
B.subtilis - Chlorella - Actino 32 ? Actino 4) ? 
Yeast = Rhizopus = Penicillium - Sclerotinia = 
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PROFILE OF ORGANISM: FLAVOBACTERIUM ARBORESCENS 


L67 


NCIB 8165 (not FLAVOBACTERIUM) 


CELLS 

Length 0.5-1.5 1 Shape Rods Arrangement Single 
Width 0.2 u Motility + Flexing - Gram - 3 + 
COLONIES #1. SA. FC. 

Form Punctiform Circular Circular 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Raised Convex Convex 

Opt. Props. Translucent Translucent Translucent 

Colour 2.5 YR 6/10 WSP 5 YR 6/12 - BYR 5.5710 = 
GENERAL WSP - Subsurface + Slime Layers ~ © Spreading R 
LIQUID MEDIUM 

Turbidity te} Flocculence + Silky + 
Viscous = Ring + Colour Dirty OY 
PHYSIOLOGY 

TEMP °C Min, 10 Gg... 36 Max, 40 

PH Min, 6 Opt. 6-10 Max, 10 

0, Growth Anaerobic - Candle Jar + Air + Best Candle/Air 
NaCl Good growth up to 3% Partial inhibition>3% Total inhibition >3% 
CHO 

SUGARS OF Glucose F Glucose * Sucrose t Lactose + Cb, t 
ALCOHOLS Glycerol ita Mannitol * STARCH SSY ™ NB“ Potato ~ 
CELLULOSE Filter Paper - CMC + AGAR Pits - Gelase + 

POLYPECTATE - ALGINATE - CHITIN - 
PROTEINS 

Tryptone + Gelatin liq. ? Skim milk lysis +  Haemolysis - 
Casamino A use + ammonif. - Casitone use + ammonif. + 
Casein lysis 5 ammoni f, Penassay use + ammonif. + 
BIOCHEMISTRY 

x = a - = - < H + 

NO o> NO, NO, >gas or ? NO, as e acceptor Cystein+H,s 
Indole - Phosphatase - Catalase + Oxidase + 
N SOURCES 

NO> NH), + Urea ¢ Glutamate + Asparaginate + Tryptone + 
Casitone + Gelatin ?- Casein. + SM + acetate + Prototrophic - 


stig. by Y.E.. + Needs Y.E. +* 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D V.H.S. NO. * 


Chloramphenicol § Dihydrostrep. (7S) 


SLS growth reduced .01 


PREDATION 
S. é€oli Ps,aeruginosa ™ Arthrobacter 7— 
B.subtilis ? Chlorella 7 Actino 32. + 
Yeast = Rhizopus ~~ Penicillium= 


Penicillin G 


growth inhibited A 


Sclerotinia 


Polymyxin B RR 


(S)R 


S.marcescens ™ 


Actino 41] = 
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PROFILE OF ORGANISM: FLAVOBACTERIUM AURANTIACUM NCIB 8204 (? FLAVOBACTERIUM) 


GELLS J 
Length }-2 wy Shape COccobacil li Arrangement ingle 
Width O.5- Motility  - Flexing - Gram ~ 

COLONIES #1. SA. PC. 

Form Punctiform Punctiform Circular 

Surface Smooth Smooth Smooth 

Edge Erose Entire Entire 

Elevation Raised Pulvinate Pulvinate 

Opt. Praps, Onaque Branee Bes ue 

Colour Blaker: Bhan WSP- IDSeR bban. cade EIB = 
GENERAL WSP - Subsurface: - Slime Layers + Spreading S$ 

LIQUID MEDIUM 
Turbidity +t Floeculence - Silky inky 
Viscous sil Ring Colour UYrange 

PHYSIOLOGY 
TEMP°C Min, 10 Opt. 20-35 Max, 40 
PH Min, 5 Opt. 5-10 fax, %60 
0, Growth Anaerobic - Candle Jar + Ath Best Candle/Air 
NaCl Good growth up to 3% Partial inhibition»3% Total inhibition >3% 

CHO No 
SUGARS OF Glucose action Glucose + Sucrose + Lactase ~" “GDy~ 


9 
ALCOHOLS Glycerol §fow Mannitol +. STARCH SSY ?+ NB 7+ Potato - 


CELLULOSE Filter Paper- CMG -* AGAR Pits = Geélase ’+ 
POLYPECTATE ALGINATE - CHEMO = 
PROTEINS 
Tryptone + Gelatin iq. = Skim milk lysis 7 Haemolysis ~ 
Casamino A use =~ ammonif. = Casitone use +t ammoni f. 
Casein lysis - ammonif, ?- Penassay use + ammonif. 7 
BIOCHEMISTRY 
al ! fi =e “a a oe 'S n- + 
NO. NO, NO, 7gas or ? NO, as e acceptor Cystein > Hos 
Indole - Phosphatase ~ Catalase + Oxidase 
N SOURCES 
NO- NH), slow Urea + Glutamate+ Asparaginate + Tryptone + 
Casitone ?+Gelatin - Casein ?- SM + acetate - Prototrophic - 
Stim. by ¥.£4 —*F Needs Y.E. + 
ANTIBIOTIC etc. SENSITIVITIES 
Actinomycin D V.H.S. NO, - Polymyxin B R | 
Chloramphenicol S Dihydrostrep. § Penicillin G § 
SLS growth reduced <¢.1 growth inhibited «1 
PREDATION 
cE, cont. Ps,aeruginosa ~ Arthrobacter ~ S.,marcescens ~ 


B.subtilis 7 Chlorella 7 Actino 32 ? Actino 41 ? 


Yeast - Rhizopus - Penicillium - Sclerotinia ? 
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PROFILE OF ORGANISM: 


h69 
5-9 (MYXOCOCCUS) 


ee ene: er er ee 


CELLS 

Length 7-75 wu Shape Rods Arrangement Singte 
Width 6,6 Motility - Flexing + Gram - 
COLONIES #1, SA, PG. 

Form «Circular « Circular = Circular 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Raised Convex Convex 

Opt. Praps ansparent Trans lucent Translucent 

Colour Biacer Eg ; WSP- 2.5 YR 6/6 - 2.5 YR 5/8 - 
GENERAL WSP - Subsurface ° - Slime Layers- Spreading (S) 


LIQUID MEDIUM 


Turbidity * 

Viscous = 
PHYSIOLOGY 

TEMP°C Min. 
PH Min, 
0, Growth Anaerobic 
NaCl Good growth up to 
CHO 

SUGARS OF Glucose 
ALCOHOLS Glycerol ~ 
GELLULOSE Filter Paper 
POLYPECTATE ?- 
PROTEINS 

Tryptone + Gelatin liq. 


Casamino A use + 


Casein lysis 
BIOCHEMISTRY 


ammonif. * 


+ weak ammonif, 


Flocculence - Silky 


Ring Colour Pink 

10 Opt. 30 Max, 40 

6 Opt. 6-8 Max. 10 
- Candle Jar. + Aine + Best Candle/Air 

1% Partial inhibition‘ 2% Total inhibition 2% 
0 Glucose 4* Sucrose t Lactase, 2 Chow 
Mannitol ~ STARCH SSY * NB +t Potato ?+ 
= GG + AGAR Bits = Gelaset 

ALGINATE - CHITIN - 


? Skim milk lysis 7  Haemolysis~ 


Gasitone use * ammonif. + 


Penassay use * ammonif. ~ 


NO = NO, ~ NO,-rgas or ? ~ NO. as e” acceptor ~ Cystein-H,$ S 
Indole - Phosphatase + Catalase t Oxidase t 
N SOURCES 

NO,* NH, + Urea * Glutamate + Asparaginate*  Tryptone * 


Casitone + Gelatin ?7 
= gu. 

Stim. by ¥.E. > gAY ein 

ANTIBIOTIC etc. 


Actinomycin D HS 


Chloramphenicol R 


SLS growth reduced 


SENSITIVITIES 


01 


Casein ‘+ SM + acetate Prototrophic * 
Needs ¥,E. ~~ 

I)R 

NO, € Polymyxin B (S)R 


Penicillin G 1] 


ol) 


Dihydrostrep, R 


growth inhibited 


PREDATION 
a Ps.,aeruginosa - Arthrobacter - S.marcescens 
B.subtilis ? Chlorella - Actino 32 7 Actino 41- 
Yeast - Rhizopus - Penicillium - Sclerotinia ? 


signi? snegepneasA 2004 


pqud2 
- mod * pnixsl3 - ysitigo® - 
| 
isiamide Pes Po 
Asqand ~ igo 
S38 Ina athsa2 
xavecd xBYnOD 
insov ! eagtT. - IneaulensaF 
~ Ba av 2.8 ty i hello - 
(2) penibéesta: - 21oye/ oath f2 - 
+ yalie - soneluaz0lF 
aai® sagolocd eniA 
OA neti Rt ,tq99 =. OF 
Of «si heg .2q0 a , 
Ae ieees gost = = + A 7 8 athng? bs 2jdo wana 39079 


*S noiticinal latoT #3) nolzididal fetevet #1 03 quudiwow dood ft 


+> A ? 
= 


eentogs *ezeisd? * seaawlé © pzoould 2 
*' osesoS * OM * ¥22 HOMATE * Potlans. - dois 
+saciad .- 2359 RA * 3D > noged 469419 
~ wiTMe ~ = 5oAreya ae ; 


Gan 


“tiegicess® -°* seley!l ddim wo T pid xissisd = * vena 
+ Alinco * acy sactize) + Ainouns +: ‘ont Anan 
- Fine, * sew yeteanet Jigoms Asow + pitrou & 


cd 


tc Heniesey? -" setgedas “oe Be ™ -t see 


+ sesbixd *o¢elers3 8 * s2esedqeadd . _ 

* snctqyit <Sipsenigewess  tretemsuip * ea. « a8 -. 

*sidgoworost 4“! gretgus ¢ ht *! nfezsd -f wes * scosiesd 
- .3,.¥ hoo nisiah > 3 y ya tee 


ati) asyviwiThaua2 20 “a 
Ae) & ninyaylod Aig: @ 


1 @ alifisias? A .qaw toxbytia 
A. basi4itn a3 wo 


~ enaoeosige, 2 vwessadowiny’ 


~ 14 ondiaé = 
. sitisoulay = 


O 


soostes? . i 


170 


PROFILE OF ORGANISM: 14 (? VIBRIO) 


Length 3-6 u Shape Curved Rods Arrangement Single 
Width 0.4 nu Motility - Flexing - Gram - 
COLONIES #1. SA. PC. 

Form Circular + Circular = Circular 

Surface Smooth Smooth Smooth 

Edge Entire Entire Entire 

Elevation Convex Convex Convex 

Opt. Props g Ga eaaehe Translucent Translucent 

Gsiour D°S'VRAVTB. wWsP- 2.5 YR'6/8 - 2.5 YR 5/8 - 
GENERAL WSP - Subsurface -+ Slime Layers ~- Spreading (S) 
LIQUID HEDIUM 

Turbidity ++ Flocculence ~ STTKY = 
Viscous + Ring = Colour ial 
PHYSIOLOGY 

TEMP °C Min, 10 Opt. 20-30 ax? “33 

PH Min, 6 Opt. 6 Max, 10 

0, Growth Anaerobic - Candle Jar + Air + Best Candle/Air 
NaCl Good growth up to 0% Partial inhibition<1I% Total inhibition 1% 
CHO 

SUGARS OF Glucose 0 Glucose + Sucrose- Lactose - Cb.- 
ALCOHOLS Glycerol - Mannitol - STARCH SSY * NB + Potato ?+ 
CELLULOSE Filter Paper - CMC + AGAR Pits = Gelase * 
PUEYPECTATE — ALGINATE — CHITIN - 
PROTEINS 

Tryptone + Gelatin liq. ? Skim milk lysis - Haemolysis ~ 
Casamino A use + ammonif. ~ Casitone use ammonif, * 
Casein lysis ? ammon i f, Penassay use ~~ ammoni f. 
BIOCHEHISTRY 5 

ii? a “KN 3 2 2 *N = ices = x x 
NO. NO. NO 9 Ss or FendssAV3 as e acceptor Cystein+H,$ 
Indole - Phosphatase + Catalase + Oxidaset 
N SOURCES 

NO,* NH), + Ureat Glutamate + Asparaginate + Tryptone *t 
Casitone + Gelatin ?- Casein ?+ SM + acetate -  Prototrophic + 


at 
depa: ‘by VoE. ~ Chitin Needs vee - 


ANTIBIOTIC etc. SENSITIVITIES intas. 1 
Actinomycin D S$ NO, Penassay Polymyxin BR | 
Chloramphenicol S&S Dihydrostrep. R Penicillin G R 
SLS growth reduced < 01 growth inhibited 0] 
PREDATION 
Etat? - Ps,aeruginosa ~ Arthrobacter ~ S.marcescens ~ 
B.subtilis - Chloreila - Actino 32 - Actino 41 - 


Yeast - Rhizopus - Penicillium - Sclerotinia ? 
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PROFILE OF ORGANISM: 


a 


CELES 
Length 0.5-2 u Shape Reds Arrangement Single 
Width O.4 4 Motility - Flexing - Gram ?+ 
COLONIES #1. SA. PC; 
Form Circular Circular Circular 
Surface Smooth Smooth Smooth 
Edge Entire Entire Entire 
Elevation Pulvinate Pulvinate Pulvinate 
Opt. Props. Translucent Opaque Opaque 
Colour 5 Y 8/2 WSP- 5 Y 8/2-- Sea pane 
GENERAL WSP- Subsurface - Slime Layers - Spreading § 
LIQUID MEDIUM ?=, too 
Turbidity ++ Flocculence - Silky ¥° Si? 
Viscous + Ring + or Pellicle Colour Of fwhite 
PHYSIOLOGY 
TEMP*C Min, 10 Opt. 20 Max, 40 
PH Min, 6 Opt, 6-10 Max, 10 
0, Growth Anaerobic - Candle Jar + aia Best Air 
NaCl Good growth up to 1% Partial inhibition 2%Total inhibition 34 
CHO at A 
SUGARS OF Glucose 0 Glucose + Sucrose $lowLactose + Cb Slow 
ALCOHOLS Glycerol- Mannitol - SPARC Soy. = NB = -Potato- 
CELLULOSE Filter Peper = “CMC * AGAR Pits:- Gelaset 
POLYRECTATE i> ALGINATE - CHId th: = 
PROTEINS 
Tryptone + Gelatin liq. ? Skim milk lysis *  Haemolysist 
Casamino A use + ammonif. - Casitone use + ammonif. + 
Casein lysis + ammonif, + Penassay use + ammonif. + 
BIOCHENISTRY 
NO. NO, = NO, gas Ones oa NO, as e acceptor Cystein-H,s 
Indole - Phosphatase * Catalase Oxidase t 
N SOURCES 
Ne, NH, + Urea + Glutamate t Asparaginate Tryptone * 
Casitone + Gelatin?- Casein + SM + acetate * Prototrophic * 
ene fee 
Stam. Dy iY obo ao Chitin | Needso\or 0 
ANTIBIOTIC etc. SENSITIVITIES Ns 
Actinomycin D NO, v Polymyxin B 
Chloramphenicol (R) Dihydrostrep. R Penicillin G R 
SLS growth reduced 1 growth inhibited »>.] 
PREDATION 
E.coli - Ps,aeruginosa Arthrobacter * S.marcescens 7 
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